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PROCEEDINGS 


This  Association  is  not  responsible,  as  a  body,  for  the  opinions  or  vie^vs  expressed 
by  individual  members. 


TUESDAY,  MARCH  17,  1903. 

The  meeting  was  called  to  order  at  9  :30  a.  m.  by  the  Presi- 
dent, Mr.  George  W.  Kittredge. 

The  President : — Gentlemen,  you  will  please  come  to  order. 
I  will  reserve,  until  there  are  more  present,  my  remarks  about  the 
members  being  on  schedule  time. 

The  first  business  before  the  meeting-  is  the  reading  of  the 
minutes  of  the  last  meeting.  Inasmuch  as  these  minutes  have 
been  published  in  our  volume  of  Proceedings,  they  will  be  con- 
sidered as  read  and  accepted,  unless  there  is  objection.  Hearing 
no  objection  offered,  they  will  be  considered  as  accepted. 

The  next  item  in  the  order  of  business  is  the  address  of  the 
President ;  but  I  am  going  to  ask  the  Assistant  Secretary,  Mr. 
Fritch,  to  read  the  report  of  the  Secretary  and  Treasurer. 

Assistant  Secretary  Fritch  read  the  following  report : 

REPORT  OF  THE  SECRETARY  AND  TREASURER. 

Total  receipts  from  date  of  organization  to  March  9,  1903 $19,758.15 

Total  expenditures  from  date  of  organization  to  March  i,  1903-  •   15.97473 

Balance  cash  on  hand  $  3.783-42 

Receipts  during  the  year $6,553-17 

Expenditures  during  the  year   5,152.15 

Balance  to  credit   $1,401.02 
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Membership. 

Total    number    of    members    enrolled    from    date    of   orgaiiization    to 

March  9,   1903  477 

Membership  at  the  last  annual  meeting  406 

Members  admitted   during  the  year.  . . '. .58 

464 

Members  deceased  during  the  year 3 

Withdrawals •     4 

Membership  date  of  this  report   454 

During  the  past  year  the  following  members  of  the  Association  have 
died  : 

Augustus  Torrey,  Chief  Engineer,  Michigan  Central  Railroad,  a 
member  of  the  Board  of  Direction,  and  Chairman  of  the  Preliminary 
Organization. 

E.  A.  Kellogg,  Assistant  Superintendent,  Cliicago  &  Northwestern 
Railway. 

George  Mont.ague,  Superintendent  Bridges  and  Buildings,  Sonora 
Railway. 

( )ii  motion  of  Mr.  R.  C.  Barnard  (Pennsylvania  Lines),  the 
report  of  the  Secretary  and  Treasurer  was  accepted. 

The  President : — I  do  not  see  why  the  address  of  the  Presi- 
dent is  put  down  as  one  of  the  important  things  in  a  meeting  of 
this  character.  I  beheve  that  the  President,  so  far  as  the  present 
incumbent  is  concerned,  at  any  rate,  can  do  better  service  to 
the  Association  by  getting  at  the  reports  of  committees,  than  ni 
taking  up  too  much  of  the  time  of  the  members  in  Hstening  to 
what  he  has  to  say ;  but  as  it  is  part  of  the  program,  and  there 
is  no  provision  for  omitting  it,  I  sti])])ose  the  ad(iress  must  be 
read. 

PRESIDENT'S  ADDRESS. 

In  addressing  you  to-day  at  our  fourth  annual  convention,  I  feel  that 
the  remarks  of  a  year  ago  are  still  applicable. 

We  should  feel  gratification  at  the  work  done  by  our  Association  and 
at  our  good  standing  with  the  higher  officials  of  the  railways,  and  we 
should  be  encouraged  by  our  increasing  list  of  members,  and  by  the  satis- 
factory appearance  of  our  financial  statement. 

Your  Board  of  Direction  has  held  meetings  from  time  to  time,  as  occa- 
sion required,  and  the  attendance  upon  these  meetings  has  been  good. 
Matters  of  routine  have  been  transacted,  and  matters  pertaining  to  the 
general   welfare  of  vour  Association  have  received  attention. 
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The  question  of  committee  reports  has  been  the  one  most  engrossing 
topic  of  consideration  by  it,  and  we  are  glad  to  present  to  you  at  this 
convention  reports  which  have  been  formulated  upon  general  lines  as  to 
form  and  manner  of  treatment,  which  justify  the  methods  prescribed. 
The  reports  presented  at  this  convention  are  the  best  that  have  been  pre- 
sented at  any  of  our  conventions,  and  are  worthy  of  places  in  what  will 
become  the  textbooks  of  our  calling. 

The  issuing  of  Bulletins  at  stated  intervals  has  been  inaugurated, 
and  as  these  Bulletins  become  regular  in  their  appearance  and  the  reports 
contained  therein  are  read  and  digested  by  our  members,  the  Association 
will  derive  benefit  from  a  more  free  and  general  discussion  of  them,  and 
will  be  better  able  to  put  its  stamp  of  approval  upon  the  recommendations 
contained  therein. 

Your  Board  deemed  it  desirable,  if  possible,  to  concentrate  the  work 
of  this  convention  into  a  space  of  two  days,  instead  of  three  days,'  as  here- 
tofore. In  order  to  accomplish  all  that  we  ought,  and  in  order  not  to  cut 
out  or  curtail  important  discussions,  we  shall  find  it  necessary  to  be  prompt 
in  attendance,  diligent  in  attention,  and  concise  in  our  arguments  and  dis- 
cussions. 

If  we  can  successfully  get  through  our  work  in  two  days,  we  shall 
have  brought  about  an  improvement.  It  is  important  that  our  conclusions 
when  reached  should  be  clear  and  forceful,  and  we  must  not  sacrifice  any 
portion  of  their  value  and  merit  simply  for  the  purpose  of  getting  through 
with  our  work  in  two  days.  We  may  find  an  evening  session  or  even  a 
third  day's  session  necessary. 

I  can  not  close  without  a  reference  to  the  loss  sustained  by  our  Asso- 
ciation in  the  untimely  and  violent  death  last  summer  of  one  of  our  mem- 
bers and  Directors,  who,  more  than  anyone  else,  has  been  responsible  for 
our  existence.  I  refer  to  him  who  stood  number  one  in  our  list  of  mem- 
bers, and  who  always  had  our  welfare  at  heart,  and  who  never  neglected 
an  opportunity  to  advance  our  interests.  To  others  has  been  assigned  the 
duty  of  preparing  a  memorial  to  Mr.  Torrey,  but  I  should  feel  myself 
lacking  in  due  respect  and  appreciation  of  his  services  to  us  if  I  did  not 
refer  to  him. 

The  President : — The  reports  of  committees  is  the  next 
business  in  order,  and  following  the  plan  which  has  heretofore 
been  pursued,  as  the  Assistant  Secretary  reads  the  names  of 
the  members  of  the  committee,  I  would  ask  that  they  step  for- 
ward and  take  their  places  on  my  left  on  the  platform,  and  be 
prepared  to  answer  any  c[uestions  that  may  come  up. 

I  will  call  for  the  report  of  the  Committee  on  Roadway,  and 
will  ask  the  Assistant  Secretary  to  read  the  names  of  the  Com- 
mittee, and  as  they  are  read,  the  members  will  please  step  forward. 
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REPORT  OF  COMMITTEE  NO.  I.— ON  ROADWAY. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  IVay  Association: 

The  Committee  on  Roadway  has  acted  upon  the  instructions  of  the 
Board  of  Direction  contained  in  Bulletin  No.  28,  dated  July,  1902,  and 
submits  herewith  its  report. 

HISTORICAL. 

In  regard  to  historical  data,  considerable  research  and  investigation 
has  been  made,  in  order  to  place  on  record  a  synopsis  of  the  methods 
devised  and  adopted  by  the  engineers  of  the  earlier  railroads ;  more  espe- 
cially those  methods  relating  to  the  formation  of  the  roadway  and  works 
immediately  appertaining  thereto. 

In  entering  upon  this  synopsis,  it  may  be  of  interest  to  know  something 
of  the  priority  of  the  terms  railroad  and  railway,  and  in  connection  with 
this  feature  the  following  extract  irom  the  Civil  Engineer's  and  Archi- 
tect's Journal  in  1837  is  in  point : 

"We  would  suggest  to  Mr.  (Nicholas)  Wood  the  desirableness  of 
adopting  in  his  next  edition  either  the  one  or  the  other  of  these  two  words, 
railroad  and  railway,  and  adhering  to  it  throughout.  The  perpetual  change 
from  the  one  to  the  other  is  unnecessary,  and  to  us  seems  inconvenient  and 
disagreeable.  Railway  seems  now,  we  think,  the  more  usual  term ;  though 
we  see  the  late  Parliamentary  Report  adheres,  as  legal  documents  usu- 
ally do,  to  the  older  word,  which  in  this  case  is  railroad." 

Of  the  early  American  roads,  the  Quincy  Railroad  (1826)  has  fre- 
quently been  cited  as  the  first,  but  its  claim  to  priority  has  been  questioned, 
partly  because  in  other  cases  much  earlier  rails  had  been  used,  and  partly 
because  it  was  not  used  for  general  traffic,  but  only  for  the  carrying  of 
granite  from  the  quarries  to  tide  water.  In  a  similar  way  the  Mauch 
Chunk  Railroad  was  built  for  the  conveyance  of  coal  from  the  mines.  It 
is,  however,  true  that  the  Quincy  Railroad  was  the  first  which  had  the  ele- 
ments of  permanence  about  it,  and  which  served  as  a  model,  enough  to 
materially  influence  later  the  construction  of  roads  that  were  railroads 
in  the  complete  sense  of  the  term.  Especially  was  this  true  in  the  matter 
of  its  roadway,  part  of  which  was  occupied  by  the  tracks  of  the  Old 
Colony  Railroad,  now  operated  by  the  New  York,  New  Haven  &  Hartford 
Railroad  Company. 

The  history  of  railroads  in  this  country  therefore  dates  no  further 
back  than  1826.  The  Baltimore  &  Ohio  appears  to  have  been  the  first 
railroad  complete  in  its  character,  and  it  is  interesting  to  note  that  its 
charter  granted  in  December,  1826,  provided  that 

"The  President  and  Directors  of  said  Company,  or  a  majority  of  them, 
may  agree  with  the  owner  or  owners  of  any  Land,  Earth,  Timber,  Gravel, 
Stone  or  other  materials,"  etc.,  "for  the  use  and  occupation  of  the  same; 
and  if  they  cannot  agree,"  etc..  "application  shall  be  made  to  any  Justice 
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of  the  Peace  of  said  County,"  etc.,  after  which  a  jury  of  twenty  shall  value 
the  land,  "and  such  valuation  when  paid  or  tendered  to  the  owner,"  etc., 
"shall  entitle  the  said  Company  to  the  estate  and  interest  in  the  same  thus 
valued,   as  fully  as   if  it  had   been  conveyed,"   etc. 

That  the  Baltimore  &  Ohio  looked  to  the  Quincy  and  the  Mauch 
Chunk  railroads  for  a  precedent  both  as  to  alignment  ai.d  track  appears 
in  part  from  the  fact  that  a  special  committee  was  appointed  to  visit  these 
railroads,  and  the  statement  made  in  its  report  in  1827  in  the  "Proceed- 
ings of  Sundry  Citizens  of  Baltimore"  that  "stone  railways  are  by  far  the 
most  substantial  and  durable  that  have  yet  been  invented.  This  is  appar- 
ent from  an  examination  of  the  railway  at  Quincy,  where  the  iron  bars 
are  laid  on  granite  blocks."  The  Report  of  the  Engineers  of  Reconnais- 
sance and  Surveys  of  the  Baltimore  &  Ohio  Railroad  in  1828  also  states 
that 

"Agreeably  to  the  best  intelligence  that  can  be  had  of  those  who  have 
visited  and  examined  the  railroads  of  Great  Britain,  it  is  believed  that 
curvatures  of  a  radius  not  exceeding  250  or  300  feet  are  frequently  to  be 
met  with  in  that  country.  On  the  Quincy  Railway  near  Boston,  Massa- 
chusetts, the  least  radius  of  curvature  is  said  to  be  300  feet.  On  the 
Mauch  Chunk  Railroad  the  most  abrupt  curvature  on  the  main  line  is 
that  indicated  by  a  versed  sine  of  22  inches,  to  a  chord  of  80  feet,  which 
is  equal  to  a  radius  of  about  437  feet.  Curvatures  of  any  radius,  however 
great,  are  nevertheless  to  be  regarded  as  defects  in  railroads,  but  it  is  at 
the  same  time  manifest  that  the  inconvenience  attending  them  becomes 
less  as  the  lengths  of  the  radii  increase,  and  become  quite  imperceptible 
v/hen  the  radius  has  an  extent  of  five  or  six  hundred  yards." 

The  same  report  also  states :  "In  regard  to  the  transverse  dimen- 
sions of  the  proposed  road,  the  following  remarks  are  respectfully 
offered : 

"We  take  the  liberty  of  suggesting  4  feet  6V2  inches  as  the  width 
contemplated  between  the  rails  of  each  rail-track,  half  an  inch  of  which 
is  allowed  for  plaj'  between  the  rails  and  the  flanges,  and  the  residue 
for  the  distance  between  the  flanges  and  the  wheels.  It  is  also  pro- 
posed to  have  the  width  of  each  rail  2%  inches,  making  the  aggregate 
width  of  a   rail-track  4  feet   11   inches. 

"A  double  railway,  of  course,  will  require  double  the  width  just 
mentioned,  together  with  a  space  of  at  least  2  feet  between  the  inner 
rails  of  the  two  tracks,  making  the  width  of  the  double  railway  12  feet, 
and  in  addition  to  the  width  here  given  the  roadway  should  be  formed 
outwardly  of  the  tracks  about  3  feet  on  each  side,  for  the  purpose  of 
giving  a  firm  and  stable  support  to  the  rails.  Thus  the  entire  width  of 
the  road  will  be  18  feet,  which  will  admit  loads  occupying  a  width  of 
7  feet  to  pass  each  other  on  the  rail  tracks.  In  situations  where  addi- 
tional tracks,  turns-out.  or  via-fuges  are  required.  6V2  feet  must  be 
added  for  each  additional  track." 

In  its  actual  construction,  however,  a  more  liberal  scheme  was  adopted, 
for  the  articles  of  agreement  for  the  earliest  contracts  called  for  a  surface 
of  twenty-six  (26)  feet  in  width,  exclusive  of  ditches.  This  was  for  a 
double-track  roadway  and  became  the  standard  for  many  other  railroads. 
It  was  not  uncommon  in  the  early  days  to  build  the  roadway  of  this  width. 
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even  wlu'ii  a  single  track  only  was  to  be  laid  at  once ;  but  this  was  really 
done  with  a  view  to  providing  for  the  second  track  whenever  needed. 

As  to  the  widths  of  roadway  in  general,  the  report  of  A.  C.  Morton, 
Chief  Engineer  of  the  St.  Lawrence  &  Atlantic  Railroad,  in  1847,  says  that 
"Most  of  the  narrow  (standard  four  feet  eight  and  one-half  inches)  gauge 
roads  in  the  United  States  are  graded  in  the  first  instance  for  single 
track,  and  the  width  of  roadbed  in  embankments  varies,  being  in  different 
roads  from  12  to  15  feet.  For  double  tracks  it  is  generally  from  24  to  26 
feet." 

Alexander  L.  Holley,  in  i860,  in  his  "American  and  European  Rail- 
way Practice,"  says  that  "The  earthwork  of  New  York  railways  of  the 
same  (common)  gage  is  reported  to  the  state  railroad  commissioners  as 
follows:  Average  width  for  single  track  in  cuts,  18  feet;  banks,  13  feet; 
for  double  lines  in  cuts,  31  feet;  banks,  26  feet;  the  extremes  being  in  cuts 
25  and  40;  banks,  23  and  30.  The  width  of  roadway  may  be  taken  as  the 
measure  of  the  stability  of  the  different  lines." 

The  report  of  James  F.  Baldwin,  in  1828,  on  the  Boston  &  Hudson 
River  Railroad,  provided  for  22  feet  on  the  top  of  embankments  for  two 
tracks,  while  Wm.  Gibbs  McNeil  in  1832,  recommended  13  to  15  feet  in 
width  as  sufficient  for  single  track,  and  26  feet  for  double  track  for  the 
Boston  &  Providence  Railroad.  The  preliminary  report  on  the  Boston  & 
Worcester,  in  1832,  provided  for  a  roadbed  of  24  feet. 

The  New  York  &l  Erie,  with  gage  of  six  feet,  was  graded  with  a 
width  of  15  feet  for  single  track.  The  Great  Western,  in  1847,  provided 
for  24  feet  in  cuts,  the  side  ditches  b.-ing  five  feet  wide,  thus  making  the 
cuts  conform  to  the  embankments,  which  were  14  feet,  and  proportionately 
wider  when  over  25  feet  in  height. 

The  side  slopes  adopted  in  the  earlier  days  were  much  the  same  as 
now,  for  on  the  Baltimore  &  Ohio  Railroad  "the  slopes  contemplated  for 
the  sides  of  the  embankments  were  to  be  such  as  are  indicated  by  the 
h}-pothenuse  of  a  triangle  whose  base  is  to  its  perpendicular  as  two  to 
three,  or  one  to  one  and  a  half.  The  same  slopes  were  to  be  adopted  for 
the  sides  of  cuttings  in  common  earth  or  soil.  On  discovering  that  the 
principal  part  of  the  excavations  were  to  be  made  in  stiff  indurated  clay, 
a  slope  of  one  to  one,  or  45  degrees,  was  subsequently  preferred.  When- 
ever the  banks  of  cuttings  were  composed  of  such  materials  as  to  admit 
of  a  more  abrupt  slope,  without  endangering  their  stability,  such  a  slope 
was  admissible,  however  nearly  it  might  approxirnate  a  perpendicular." 
The  slope  of  one  and  one-half  to  one  seems  to  have  been  the  common  prac- 
tice. 

The  use  of  broken  stone  under  the  track  evidently  dates  from  the 
very  inception  of  railroads  in  this  country.  It  was  also-  early  recognized 
that,  if  the  broken  stone  was  to  be  effective  for  drainage,  an  outlet  must 
be  provided,  and  a  drain  pipe  was  therefore  used  for  that  purpose.  Mod- 
ern practice  is  not  always  equally  good. 

The  subject  of  Drainage,  it  seems,  has  always  received  some  attention, 
though  often   seriously  inadequate.     That   suitable  provision   was  made  in 
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cuts  is  clearly  shown  by  the  instructions  given  in  1828  to  the  Superin- 
tendent of  Construction  of  the  Baltimore  &  Ohio  Railroad.  "The  width 
of  side  drains  shall  be  not  less  than  three  feet,  and  in  side  cuttings  where 
only  one  is  required,  its  width  shall  be  five  feet.  In  all  deep  cuttings  in 
earth,  sand  or  gravel,  where  the  depth  of  the  cut  exceeds  40  feet,  a  berme 
six  feet  wide,  including  a  drain  three  feet  wide,  is  to  be  provided  for  on 
each  side  of  the  cut,  and  in  all  situations  where  the  bank  of  a  deep  cut 
is  surmounted  by  an  acclivity  of  any  considerable  extent,  back  drains  of 
such  dimensions  as  the  superintendent  may  deem  appropriate  shall  be 
formed  in  the  natural  surface  of  the  ground  or  in  rear  of  the  spoil 
banks." 

Provision  was  also  made  for  transverse  drains  at  least  18  inches 
square,  at  intervals  not  greater  than  150  yards  in  side  cuttings  or  on 
sloping  ground.  Broken  stone  also  was  to  be  spread  for  a  depth  of  three 
inches  and  20  feet  wide  on  certain  parts  of  the  road  to  be  designated. 
Some  of  the  drains  were  to  be  paved.  ''In  situations  where  bermes  are 
required,  the  width  (26  feet  plus  three  times  the  depth  of  cut)  will  be 
increased  by  those  of  the  bermes."  Apparently  bermes  were  introduced 
in  the  face  of  the  slope,  and  they  were  to  be  built  "at  such  altitudes  as  the 
superintendent  shall  direct;"  and  "turned  outward  from  the  road  at  their 
extremities,  and  led  into  appropriate  drains  in  rear  of  spoil  banks  on 
either  side  of  cut."  Also,  "French  drains  shall  be  constructed  of  such 
size  and  form,  and  in  all  such  places,  as  the  superintendent  shall  require." 
This  apparently  looks  to  under-drainage.  If  this  be  true,  the  drainage 
scheme  was  substantially  complete  as  early  as  1828. 

Nevertheless,  the  American  Railroad  Journal  in  1848  feels  constrained 
to  reprint  from  the  Scottish  Railway  Gazette  an  article  read  before  the 
Highland  and  Agricultural  Society  of  Scotland  by  Mr.  Stephens,  an  emi- 
nent authority,  on  "The  Drainage  of  Railway  Slopes."  This  paper  com- 
menced with  the  statement  that  everyone  who  had  traveled  along  railways 
must  have  observed  that  large  masses  of  earth  had  slipped  down  the  face 
of  the  deeper  cuttings,  and  upon  inquiry  such  accidents  were  found  to 
have  arisen  from  the  action  of  water  on  retentive  clay.  The  common 
methods  of  draining  railway  cuttings  were  then  described,  such  as  open 
channels  in  a  slanting  direction  in  parallel  lines  down  the  face  of  the  cut- 
ting, and  making  drains  with  tiles  underground  from  the  spots  at  which 
the  water  is  seen  to  issue.  Afterwards  the  paper  says :  "Notwithstand- 
ii  g  these  drains,  land  slips  still  take  place,  and  do  not  excite  surprise,  for 
such  a  mode  of  draining  only  attempts  to  struggle  with  the  effects,  and 
net  with  the  cause  of  the  accidents.  The  water  should  be  prevented  from 
doing  any  harm  at  all,  and  this  is  quite  practicable."  After  reciting 
.«everal  methods  of  draining  (in  common  modern  usage)  the  paper  con- 
cludes as  follows :  "These  suggestions  for  draining  railways  appear 
simple  and  obvious  to  agricultural  drainers ;  but  is  it  not  singular  that 
they  never  seem  to  have  occurred  to  railway  engineers  ?" 

A.  L.  Holley,  in  i860,  states  that  "Observation  and  science  alike  show 
that  in  our  earthwork  (including  its  drainage),  more  than  in  any  other  sin- 
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gle  detail  of  our  construction,  are  American  railways  deficient."  And  again : 
"Subdrainage  is  doubtless  both  cheaper  and  more  efficient  than  the  sys- 
tem of  open  ditches,  and  its  occasional  and  successful  adoption  on  certain 
English  lines  should  lead  to  its  further  introduction  here." 

It  is  probably  true  to-day  that  drainage,  especially  under-drainage,  is 
attended  to  far  less  perfectly  than  its  importance  really  demands.  Subsoil 
drain  tiles  seem  to  have  come  into  use  on  farms  earlier  than  on  railroads. 
In  i86S,  according  to  a  paper  before  the  Civil  Engineers'  Club  of  Cleve- 
land, the  Chief  Engineer  of  the  Lake  Shore  &  Michigan  Southern  Railroad 
introduced  tile  drains,  probably  the  first  on  American  railroads,  as  the 
result  of  a  suggestion  from  a  farmer.  The  ditches  were  two  feet  wide 
and  three  and  a  half  feet  below  the  bottom  of  the  regular  ditch,  and  in 
three  years  45  miles  of  subdrains  had  been  put  in  use  on  this  railroad, 
with  most  favorable  results.  In  connection  with  the  general  subject  of 
drainage,  it  may  be  noted  that  in  1846  the  Chief  Engineer  of  the  St.  Law- 
rence &  Atlantic  Railway  advocated  in  "all  cases  when  practicable"  the 
r-olicy  of  elevating  the  roadbed  five  (5)  feet  above  the  general  surface  oi 
the  country. 

In  relation  to  Methods  of  Work,  and  to  apparatus  used  in  railroad 
construction,  the  wheelbarrov;  and  cart  arc  of  grt-ai  antiquity.  The  com- 
mon scraper,  drag  sciaper  or  scoop  scraper  is  somewhat  older  than  is 
commonly  realized.  The  notice  or  proposal  to  contractors  for  the  Balti- 
more &  Ohio  Railroad  in  1828  suggests  that  the  materials  excavated  shall 
be  transported  "by  means  of  barrows,  scrapers,  carts  or  other  suitable 
machines." 

It  appears,  however,  that  the  scraper  was  in  common  use  on  the  Erie 
Canal,  doubtless  as  early  as  1817,  the  date  of  the  first  contract,  for  the 
report  on  the  work  made  in  1820  says :  "We  have  found  that  in  removing 
common  earth,  where  the  depth  does  not  exceed  four  or  five  feet,  and  the 
ground  is  dry,  the  plough  and  scraper  can  be  used  to  greater  profit  than 
any  other  means  of  excavation  with  which  we  are  acquainted."  Appar- 
ently scrapers  at  that  early  date  were  not  new,  but  had  already  come  into 
common  use. 

Documentary  evidence  does  not  seem  available  to  fix  any  very  early 
date  for  the  use  of  the  wagons  hauled  by  two  horses  which  have  been 
the  principal  vehicles  for  transporting  earth  in  many  of  our  railroads. 
They  were  employed,  however,  as  early  as  1846,  and  it  is  not  at  all  im- 
probable that  their  use  dates  back  to  the  beginning  of  railroads,  or  even 
earlier. 

The  use  of  cars  on  temporary  track  is  probably  of  considerable  an- 
tiquity. It  certainly  antedates  the  building  of  railroads  in  this  country, 
for  in  a  pamphlet  entitled  "F^cts  and  Arguments  in  Favor  of  Adopting 
Railways,"  it  appears  that  "A  wooden  rail  track,  which  has  proved  very 
efficacious,  is  at  present  in  operation  under  the  direction  of  the  excellent 
engineer,  Mr.  Randel,  for  the  purpose  of  removing  the  excavated  earth  of 
the  Delaware  &  Chesapeake  Canal,  below  Philadelphia."     In  England,  it 
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was  apparently  very  common  procedure  to  build  a  bank  out  by  pushing 
cars  along  a  track  and  dumping  over  the  end  of  the  bank. 

Wm.  Gibbs  McNeill,  in  1832,  reports  as  to  the  Boston  &  Providence 
Railroad :  "The  cost  of  transportation  may  also  be  reduced  in  some  in- 
stances, if  the  use  of  temporary  railways  be  resorted  to,  for  the  removal 
into  the  embankments  of  earth  and  other  materials  from  excavation." 

Lecounte,  in  his  "Practical  Treatise  on  Railroads,"  in  1839,  observes : 
"There  are  several  ways  in  which  earthwork  may  be  hastened,  for  in- 
stance, the  use  of  locomotives  and  fixed  engines  to  draw  the  earth  along, 
both  of  which  will  be  cheaper  than  horsepower."  *  *  *  "Aj.  present 
the  common  practice  is  to  take  up  and  relay  the  rails  as  the  embankment 
proceeds,"  etc. — "if  longitudinal  beams  are  framed  for  each  tipping  place, 
these  can  be  lifted  up  all  in  a  piece  and  carried  forward,  and  a  rail  put 
ni  behind  them."  *  *  *  "When  the  embankment  is  not  high,  these 
irames  may  be  supported  from  below,"  "and  moved  forward  any  length 
that  is  required."  "By  making  the  above  frames  to  propel  forward,  and 
having  a  door  in  the  bottom  of  thf  wagons,  the  quantity  tipped  may  be 
very  considerably  increased." 

The  car  suggested  is  clearly  the  forerunner  of  the  various  drop  bottom 
cars  for  handling  earth  or  ballast,  some  of  which  have  recently  been 
brought  to  a  high  state  of  perfection,  and  the  method  of  support  is  a 
temporary  trestle  for  construction  alone.  The  use  of  trestles  or  "trussels" 
has  been  mentioned  on  the  South  Carolina  Railroal  m  1832,  and  provision 
was  made  at  that  time  for  filling  around  the  piles,  for  it  is  stated  that 
"The  execution  of  the  work  throughout  this  division  of  the  line  is  of  a 
very  sub.stantial  iiid  superior  character;  especially  through  the  valleys  of 
Horse  and  VVfse  Creeks,  nhere  extensive  sections  of  the  trussel  work 
have  been  substituted  for  the  piling  construction.  In  some  cases  the  ele- 
vation of  the  grade  of  road  above  the  surface  of  the  countrj'  rendered 
this  mode  of  construction  indispensable,  and  in  other  cases  where  the  soil 
consists  of  soft  mud  ten  or  twenty  feet  below  the  natural  surface,  its 
adoption  was  judicious,  as  the  most  effectual  mode  of  acquiring  solidity 
of  foundation  and  stability  of  structure." 

This  report  also  says :  "Yet  it  must  be  admitted  that  all  piles  will 
decay,  and  that  decay  commences  at  the  surface  of  the  earth.  To  guard 
against  the  consequences  which  must  otherwise  engue,  it  is  contemplated 
to  fill  up  the  ravines  every  year,  in  summer  months,  about  twelve  or 
eighteen  inches,  so  as  to  keep  that  part  covered  with  earth  in  which  the 
rot  may  have   commenced." 

This  apparently  was  the  beginning  of  the  practice  of  building  semi- 
permanent trestles,  which  were  to  remain  until  renewal  was  imminent, 
and  then  filling  with  earth,  a  practice  which  was  certainly  in  extensive  use 
in  1850,  and  perhaps  much  earlier.  This  practice  may  be  considered  as  a 
part  of  the  American  policy  of  building  temporary  structures,  to  be  replaced 
by  permanent  ones  later,  a  policy  well  defined  as  early  as  1830,  in  the  Third 
Annual  Report  of  the  Baltimore  &  Susquehanna  Railroad. 

On  the  Baltimore  &  Ohio,  at  the  start,  the  "earthen  structures"  "were 
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to  consist  exclusively  of  embankments  and  fillings  in  abutments,  wbich  were 
to  be  formed  in  such  a  manner  as  to  render  them  uniformly  compact  in  all 
their  parts.  In  order  to  accomplish  these  objects,  the  embankments  were 
to  be  formed  of  horizontal  lifts  or  strata  of  a  convenient  thickness.  A 
more  convenient  mode  was  subsequently  adopted,  which  consisted  in  the 
formation  of  two  parallel  ridges,  one  on  either  side  of  the  embankment, 
which  were  to  be  carried  up  exteriorly  in  coincidence  with  the  assumed 
lateral  slope  of  the  embankment,  while  the  space  between  the  ridges  was  to 
be  filled  casually,  by  the  earth  precipitated  from  their  summits.  This  mode 
of  constructing  embankments  derives  its  utility  principally  from  the  cir- 
cumstance of  its  affording  a  receptacle  for  all  the  water  falling  upon  the 
site  of  the  road,  which  is  retained  in  the  embankments,  and  contributes  to 
its  rapid  and  effectual  consolidation." 

This  is  a  process  not  altogether  dissimilar  to  methods  recently  re- 
vived, of  side  dumping  from  a  narrow  fill,  which  now  often  takes  the  form 
of  a  central  core. 

As  to  the  expected  solidity  of  the  bank,  the  "Narrative  of  the  En- 
gineers," Baltimore  &  Ohio  Railroad,  1830,  sheds  some  light: 

"It  was  the  opinion  of  the  Board  of  Engineers  that  a  period  of  at  least 
four  or  five  years  would  be  required  for  that  purpose,  especially  in  cases 
where  the  embankment  was  of  any  considerable  height.  Accordingly  it 
has  ever  been  the  intention  of  the  board  to  adopt  wooden  rails  in  such 
situations,  with  a  view  to  the  substitution  of  more  permanent  ones  when 
the  embankment  shall  have  become  sufficiently  firm  for  their  reception  and 
support." 

Similarly,  Tredgold,  in  1825,  has  stated  that  "where  embankment  is 
necessary,  the  rails  should  be'  put  down  in  a  temporary  manner,  till  the 
ground  has  settled  and  acquired  its  permanent  degree  of  solidity." 

From  this  and  other  similar  statements  about  the  same  time,  it  would 
appear  that  the  longitudinal  stone  blocks  were  regarded  ahnost  as  much 
in  the  light  of  a  part  of  the  roadway  as  in  that  of  track  proper. 

As  to  methods  of  excavation,  Lecounte.  in  1830,  suggests  that  "The 
old  way  of  w-orking  at  the  face  of  an  excavation,  and  bringing  it  out  by 
lifts,  is  now  known  to  be  more  tedious,  and  consequently  unprofitable,  than 
running  a  gullet  through  at  once,  in  which  as  many  wagons  as  the  con- 
tractor likes  can  be  put  in  and  filled,  both  by  throwing  in  the  earth  from 
above,  or  having  a  stage  above  the  wagons  to  run  barrows  on.  To  get 
the  greater  quantity  of  earth  besides  ploughing  it.  the  method  'falling'  may 
be  resorted  to;  that  is,  digging  it  underneath,  and  then  splitting  it  on  the 
top  with  wedges,  and  with  the  help  of  long  iron  levers  bringing  down  a 
lump  containing  several  cubic  yards  at  once." 

James  Day,  also  in  1839,  describes  "gulleting"  as  taking  out  a  ditch 
about  nine  feet  wide.  "A  train  of  wagons  then  passes  in  and  is  loaded 
over  the  sides  of  the  wagons.  The  work  should  be  done  in  layers  of  eight 
to  twelve  feet." 

The  most  effective  instrument  for  excavation  now  in  use  is  the  steam 
shovel,  and  the  Journal  of  the  Franklin  Institute,  in  1843.  states  in  relation 
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to  the  American  steam  excavator  or  "Yankee  Geologist,"  as  it  seems  to 
have  been  called,  that  "The  excavator  has  been  employed  for  three  years 
upon  the  Western  Railroad  and  other  places,  and  that  this  test  showed 
an  immense  saving  of  expense,"  and  it  refers  also  to  "two  machines  em- 
ployed for  two  months  in  almost  constant  work  in  Brooklyn,"  the  total 
work  in  two  months  being  92,593  cubic  yards.  This  makes  the  date  of  its 
introduction  the  year  1840. 

The  apparatus  for  dumping,  which  has  been  associated  with  the  steam' 
shovel  for  many  years,  the  ballast  plow  for  unloading  flat  cars,  is  of  con- 
siderably later  date ;  its  first  use  was  upon  the  Southern  Minnesota  Rail- 
way at  or  near  Hokah,  Minn.,  some  time  during  the  year  1867,  the  same 
year  in  which  it  was  patented. 

The  earliest  date  that  appears  authentic  for  the  introduction  of  the 
wheeled  scraper  is  about  1870,  when  it  was  used  on  the  St.  Louis  &  South- 
v.-estern.  There  can  be  no  doubt  as  to  the  fact,  however,  that  a  practical 
wheeled  scraper  was  used  as  early  as  1874,  and  that  this  apparatus  was 
used  extensively  in   1878. 

Grading  machines,  of  the  type  often  called  road  machines,  came  in 
about  the  same  time.  From  excellent  authority  it  appears  that  the  first 
elevating  grader  was  used  in  the  fall  of  1871.  It  was  of  the  Wauchope 
type,  used  on  a  railway  grade  of  a  road  known  as  the  Chicago,  Danville  & 
Ohio  Railway.  The  work  was  done  in  Cumberland  County,  Illinois,  three 
miles  being  built  with  the  machine.  These  machines  have  been  much 
improved  in  recent  years,  and  for  about  two  years  traction  engines  have 
been  used  instead  of  horses  to  pull  them. 

For  working  rock,  black  powder  has  been  used  far  back  of  railroad 
history.  In  1823,  however,  a  blast  was  first  fired  by  the  electric  spark,  and 
a  few  years  later,  1829,  in  New  York,  several  charges  were  fired  simul- 
taneously by  the  same  agency,  using  fulminate  of  silver.  In  1844  com- 
pressed air  was  used  for  working  drill  hammers,  the  air  being  useful  also 
for  tunnel  ventilation.  The  year  1849  marked  the  date  of  the  patent  for  the 
first  percussion  drill,  and  1851  the  first  direct  action  drill  of  this  sort. 
From  1856  to  1861  much  experimenting  was  done,  and  power  drills  im- 
proved. The  Hoosac  Tunnel  was  the  scene  of  considerable  development 
for  drills  up  to  a  point  of  definitely  successful  use,  and  there  also  nitro- 
glycerine was  first  used  on  this  continent,  in  1866,  three  years  after  its 
introduction  on  the  other  side  of  the  Atlantic.  Dynamite  was  invented  in 
1867,  and  patented  m  America  a  year  later.  It  is  unnecessary  to  follow 
the  many  variations  in  the  way  of  explosives  that  soon  followed. 

The  prices  for  work  in  the  early  days  of  railroads  did  not  differ  ma- 
terially from  the  prices  of  later  days.  This  is  evident  from  the  following 
abstract  from  the  Narrative  of  the  Engineers  of  the  Baltimore  &  Ohio 
Railroad,  the  date  being  1830: 

"The  price  at  which  the  first  section  was  proposed  to  be  graded,  ex- 
clusive- of  the  bridge  site,  which  embraced  the  entire  distance  across  the 
valle}'  of  Gwynn's   Falls,   was   thirteen   and  a  half  cents   per  cubic  yard; 


K;  proceedings    OF    THE 

whereas  its  actual  cost  may  be  estimated  at  sixteen  cents,  the  earth  having 
been  more  difficult  to  remove  than  had  been  anticipated. 

"The  price  for  grading  the  second  section,  which  embraces  the  deep 
cutting  at  the  Washington  Road,  was  originally  fourteen  cents ;  its  actual 
cost  may  be  estimated  at  twenty-two  cents  per  cubic  yard.  The  reason  of 
this  diff'erence  is,  that  the  excavation  ,\vas  to  be  made  in  an  adhesive,  in- 
durated clay,  far  more  difficult  to  be  removed  than  had  been  anticipated. 

"The  reputed  contract  price,  for  which  the  deep  cut  on  the  fourth 
'and  fifth  sections  was  undertaken,  was  eighteen  cents  per  cubic  yard, 
which,  at  the  date  of  the  report,  was  believed  to  be  adequate  to  the  accom- 
plishment of  that  work.  Owing  to  a  variety  of  unexpect?ed  contingencies, 
however,  such  as  the  unusual  hardness  and  tenacity  of  the  earth  in  which 
the  excavation  was  to  be  made ;  the  inclemency  of  the  season  in  which  a 
large  portion  of  the  work  was  to  be  done ;  the  imprudence  of  prosecuting 
the  work  by  night,  when  it  was  found  to  be  more  expensive  than  the 
same  would  have  been  by  daylight ;  the  collection  of  a  greater  force  than 
could  be  employed  to  advantage,  etc.,  etc..  the  actual  cost  of  this  part  of 
the  work  was  unavoidably  enhanced  to  a  much  greater  price.  With  proper 
management  and  under  favorable  circumstances,  by  which  we  would 'be 
understood  to  mean  the  observance  of  system,  and  the  introduction  of 
ordinary  labor-saving  machines  in  the  prosecution  of  the  work,  as  also  the 
choice  of  a  season  for  the  operations,  when  the  days  were  at  least  of  equal 
length  with  the  nights,  the  weather  more  mild,  and  the  ground  less  frozen 
or  muddy,  than  they  proved  to  be  from  December  to  March,  inclusive,  there 
is  no  doubt  that  the  excavation  of  this  huge  cut  might  have  been  effected 
ar  an  expense  not  exceeding  twenty-five  cents  per  cubic  vard.  But  making 
all  due  allowance  for  the  untoward  circumstances  attendant  upon  this  part 
of  the  work,  it  certainly  ought  to  have  been  executed,  and  might  have  been 
accomplished  in  due  time,  at  the  average  cost  of  twenty-eight  cents  per 
cubic  yard." 

The  eighth  section  was  to  be  graded  for  twelve  and  a  half  cents  per 
cubic  yard ;  but  proving  more  difficult  than  had  been  expected,  the  price 
was  raised  to  fifteen  cents  per  yard. 

The  Report  of  John  M.  Fessenden,  on  the  Boston  &  Worcester  Rail- 
road, is  in  general  harmony  with  the  foregoing:  "In  the  estimates,  the  price 
per  cubic  yard  for  the  excavation  and  embankment  of  earth  varies  from 
5  to  23  cents ;  as  there  is  much  uniformity  in  the  nature  of  it  throughout 
the  location,  the  variation  is  chiefly  dependent  upon  the  distance  which 
is  to  be  hauled." 

In  regard  to  contracts  and  forms  of  the  same,  it  may  be  stated  that 
even  before  the  days  of  railroads,  work  on  the  canals  was  very  commonly 
let  by  contract,  and  the  form  was  not  materially  different  from  those  of 
later  days,  or  even  the  present.  The  "Public  Documents  Relating  to  the 
New  York  Canals,"  published  in  1821,  states  that  "The  first  contract  (on 
Erie  Canal)  is  dated  the  27th  June,  1817."  *  *  *  "Although  the  con- 
tracts are  various  and  dissimilar  in  conformity  to  the  localities  of  the  line 
which  they  respectively  embrace,  yet  there  are  some  general  provisions 
applicable  to  every  contract  for  grtibbing  and  clearing,  for  excavation  and 
for  embankment."  etc. ;  and  again,  "A  printed  copy  of  specifications  regu- 
lating the  manner  of  constructing  the  works,  and  designed  in  some  meas- 
ure to  abridge  the  labor  of  writing  the  contracts,  is  also  hereto  annexed." 
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The   contracts   stated   separate   prices   for   grubbing  and   clearing,    for  ex- 
cavation and  for  embankment. 

The  notice  inviting  proposals  for  building  the  Baltimore  &  Ohio  Rail- 
road shows  very  well  the  basis  upon  which  the  work  was  to  be  done,  and 
the  classification  of  material  adopted  at  that  time.  The  notice  was  in  part 
as  follows : 

"Notice  is  hereby  given,  that  from  and  after  the  15th  inst.,  to  the  first 
day  of  July  next,  proposals  will  be  received  at  the  office  of  the  Board  of 
Engineers  of  the  Railroad  Company,  setting  forth  the  prices  at  which  the 
following  items  of  labour  will  be  performed,  to  wit : 

"i.  Excavation  of  clay,  sand  or  gravel,  requiring  the  use  of  the  plough 
and  shovel  merely. 

"2.  Excavation  of  clay,  sand  or  soil,  mixed  with  pebbles  or  loose 
stones. 

"3.  Excavation  of  clay,  sand  and  soil,  mixed  with  gravel,  hardpan, 
etc.,  requiring  the  use  of  the  same  utensils,  together  with  the  pick  or 
mattock. 

"4.  Excavation  of  slate  and  other  soft  rocks,  where  no  blasting  will 
be  required. 

"5.     Excavation  of  slate  and  freestone,  where  blasting  will  be  required. 

"6.     Excavation  of  limestone,  where  blasting  will  be  required. 

"7.  Excavation  of  granite  rocks,  greywack,  etc.,  where  blasting  will  be 
required. 

"The  price  per  cubic  yard  for  which  the  foregoing  excavations  will 
be  made,  and  the  excavated  materials  removed  to  a  distance  not  exceeding 
15  feet  from  the  site  of  the  roadbed,  or  thrown  into  wheelbarrows  or 
carts  for  transportation,  will  be  stated  in  connection  with  the  several  items 
above  specified. 

"Transportation  of  the  m-aterials  above-mentioned,  together  with  de- 
positing and  leveling  the  same,  in  such  a  manner  as  to  form  the  bed  of  the 
road,  said  transportation  to  be  on  level  or  descending  ground,  for  the  fol- 
lowing distances,  viz. : 

"More  than  5  yards  and  not   exceeding  100  yards. 

"More  than  100  yards  and  not  exceeding  250  yards. 

"More  than  250  yards  and  not  exceeding  450  yards. 

"More  than  450  yards  and  not   exceeding  900  yards. 

"The  several  prices  for  transportation  per  cubic  yard  to  be  annexed  to 
the  foregoing  items. 

"It  is  to  be  understood  that  the  materials  excavated  as  above  are  to 
be  transported  in  the  direction  and  upon  the  immediate  site  of  the  bed 
of  the  road ;  the  transportation  to  be  effected  in  the  most  economical  man- 
ner, by  means  of  barrows,  scrapers,  carts,  or  other  suitable  machines. 

"The  materials  for  construction  to  Ce  procured  and  conveyed  at  the 
expense  of  the  contractor.  The  prices  to  be  annexed  to  the  foregoing 
items ;  also, 

"The  whole  to  be  executed  under  the  direction  and  superintendence 
of  the  Board  of  Engineers,  or  such  agent,  or  agents,  as  they  may  authorize 
and  appoint  for  that  purpose." 

The  method  of  payment  seems  not  to  have  been  always  upon  the 
elaborate  classification  of  material  before  mentioned,  as  will  appear  from 
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the  Ninth  Annual  Report  of  the  Baltimore  &  Ohio  Railroad  Company  in 
183s,  in  which  appears  a  notice  to  contractors,  part  of  which  is  as  follows: 

"The  graduation  is  to  be  finished  at  the  times  stated  in  the  following 
exhibit,  and  in  the  nnanner  described  in  the  printed  blank  articles  of  agree- 
ment. 

"The  price  proposed  per  yard  for  the  excavation  or  embankment,  as 
the  one  or  the  other  is  the  greater  in  quantity,  is  to  be  in  full  for  all  the 
work  of  every  kind  necessary  to  effect  the  graduation  of  the  section,  viz.. 
grubbing,  clearing,  excavating,  embanking,  etc." 

It  is  evident  that  not  all  the  work  was  let  by  contract,  for  the  same 
report  in  1835  states  the  argument  in  favor  of  the  other  practice  of  direct 
construction  by  agents  of  the  Company. 

The  instructions  to  the  Superintendent  appear  almost  to  take  the 
place  of  specifications,  although,  as  has  been  shown,  specifications  were  used 
elsewhere  many  years  earlier.     The  instructions  were  in  part  as  follows : 

"Office  of  the  Board  of  Engineers, 

"Baltimore,  July  22,  1828. 

"Sirr^For  your  guidance  in  superintending  the  construction  of  the 
Baltimore  &  Ohio  Railroad,  the  following  instructions  will  acquaint  you  in 
part  with  the  views  entertained  by  the  Board  of  Engineers  in  relation  to 
the  dimensions  arid  principles  of  construction  deemed  applicable  in  the 
execution  of  the  work  under  construction. 

"ist.     Of  Clearing  for  the  Railroad. 

"The  width  allowable  by  law,  and  appropriated  to  the  use  of  the 
road,  being  66  feet,  the  ground  traversed  by  said  road  will  be  cleared  to 
that  width,  and  in  situations  where  embankments,  excavations,  sidelings, 
or  other  works  appurtenant  to  said  road,  and  for  the  location  of  which 
provision  is  also  made  by  law,  the  clearing  will  occupy  such  additional 
width  as  may  be  deemed  appropriate. 
"2d.     Of  Grubbing. 

"In  situations  where  the  surface  of  the  road  is  coincident,  or  nearly 
so,  with  the  natural  surface  of  the  ground,  the  grubbing  will  occupy  a 
width  of  31  feet.  In  situations  where  sidelings  are  required,  an  addi- 
tional width  of  eight  feet  six  inches  will  be  required  for  each  additional 
track  of  the  road,  and  the  grubbing  will  be  extended  accordingly.  The 
M'idth  of  grubbing  in  all  cases  of  excavation  and  of  embankment  will  be 
at  the  discretion  of  the  superintendent.  No  logs,  roots  or  other  perishable 
materials  are  admissible  in  the  body  of  the  embankment  or  its  foundation, 
except  in  cases  where  the  permanent  consolidation  of  the  work  cannot  be 
prevented  thereby. 

"3d.     Of  Grading  or  Forming  the  Bed  of  the  Road. 

"The  surface  line  of  the  road  having  been  designated  by  suitable 
bench  marks,  and  its  direction  by  line  stakes  appropriately  marked,  the 
surface  of  the  road  will  be  adjusted  thereto  by  cuttings  and  fillings  agree- 
ably to  the  following  dimensions  and  conditions,  viz. :  The  width  of  the 
roadbed,  at  the  surface,  shall  in  all  cases  be  26  feet.  The  width  of  side 
drains  shall  be  at  least  three  feet,  and  in  side  cutting,  where  one  only  is 
required,  its  width  shall  be  five  feet.  In  all  deep-cutting  in  earth,  sand 
or  gravel,  \vhere  the  depth  of  the  cut  exceeds  40  feet,  a  berme  six  feet 
wide,  including  a  drain  tliree  feet  wide,  is  to  be  provided  for  on  each  side 
of  the  cut,  and  in  all  situations  where  the  bank  of  a  deep  cut  is  surmounted 
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by  an  acclivity  of  any  considerable  extent,  back  drains  of  such  dimensions 
as  the  superintendent  may  deem  appropriate  shall  be  formed  in  the  natural 
surface  of  the  groimd,  or  in  rear  of  the  spoil  banks. 

"The  several  drains  may  be  paved  with  stone  at  the  discretion  of  the 
superintendent,  in  order  to  secure  them  against  the  abrasion  of  currents  of 
water.  The  width  of  deep  cuts  at  the  natural  surface  of  the  ground,  if 
horizontal,  will  be  such  as  may  result  from  adding  the  width  of  the  road 
surface  (26  feet)  to  three  times  the  depth  of  the  cut;  and  in  situations 
where  bermes  are  required,  the  width  as  above  will  be  increased  by  those 
of  the  bermes.  The  width  of  embankments,  at  the  natural  surface  as 
above,  will  be  such  as  may  result  from  adding  the  width  of  the  road 
surface  (26  feet)  to  three  times  the  height  of  the  embankment.  That  is  to 
say,  the  lateral  slopes  of  all  banks  formed  by  cuttings  or  fillings  shall  be 
such  as  is  indicated  by  the  hypothenuse  of  a  triangle,  whose  base  is  to  its 
perpendicular  as  one  and  a  half  to  one. 

"The  conditions  here  prescribed,  are  deemed  applicable  in  all  cases 
where  the  embankments  or  banks  of  cuttings  "are  composed  of  clay,  marl 
or  other  adhesive  earths.  In  other  cases,  the  slopes  may  be  less  abrupt 
than  those  implied  by  the  foregoing  conditions,  at  the  discretion  of  the 
superintendent,  and  in  rocky  excavations  particularly,  where  a  greater 
declivity  is  admissible,  the  slopes  will  be  determined  by  the  superin- 
tendent." 

In  the  treatment  of  gradients  and  alignment,  and  matters  immediately 
dependent  thereon,  as  well  as  in  the  use  of  easement  curves,  early  practice 
showed  a  remarkable  appreciation  of  many  features  that  appeal  to  us  now 
as  advanced  practice.  Comment,  however,  upon  these  subjects  is  de- 
ferred until  this  particular  branch  of  the  Committee's  work  is  specially 
reported  upon. 

In  the  search  for  information  touching  the  early  history  of  roadway, 
or  in  perusing  what  is  contained  in  the  foregoing  synopsis,  one  can  hardly 
fail  to  acknowledge  the  wisdom  and  farsightedness  displayed  on  many 
occasions  by  the  early  great  masters  of  railroad  building,  or  fail  to  become 
impressed  with  the  fact  that  very  much  of  what  is  in  practice  now  in 
modern  railroading  was  known  in  principle  to  those  men,  and  that  there 
is  comparatively  little  that  is  altogether  new.  Modern  railroad  engineering 
is  on  a  firmer  basis,  there  being  many  able  engineers  in  the  work,  and 
but  very  few  really  inefficient  men  in  prominent  positions.  With  the 
meager  advantages  for  scientific  training  and  the  scant  opportunity  for 
working  from  precedent,  few  indeed  of  our  modern  engineers  could  be 
expected  to  equal,  in  foresight  and  grasp  of  the  situation,  the  ability  shown 
by  the  pioneers  in  railroad  engineering. 

A  MODERN   SPECIFICATION  FOR  CONSTRUCTION   OF 
ROADWAY. 

The  result  of  the  varied  experiences  of  three-quarters  of  a  century 
of  railroad  building  may  reasonably  be  expected  to  have  developed  the 
best  principles  in  construction  which  tend  to  economical  operation  and 
maintenance. 

It  remains,  then,  to  define  these  principles  bj'  means  of  a  specification. 
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which  should  be  fair  and  equitable  and  cover  everything  pertaining  to  the 
work,  and  should  be  expressed  in  concise  and  explicit  language. 

Brevity  should  characterize  such  a  specification ;  differing  in  this 
respect  from  the  legal  phraseology  of  the  contract  accompanying  it. 

A  specification  should  not  contain  unnecessary  repetitions,  and  the 
language  used  should  be  simple  and  devoid  of  ambiguity,  so  that  neither 
the  engineer  nor  the  contractor  nor  anyone  else  could  legitimately  place 
upon  it  more  than  one  interpretation.  Thus,  whilst  even  the  most  ordinary 
subcontractor  can  understand  and  perform  the  works  so  specified,  yet  the 
most  highly  educated  engineer  can  not  take  advantage  of  his  nominal 
powers  to  the  detriment  of  the  contractor. 

Brevity,  however,  should  not  be  permitted  at  the  expense  of  a  clear 
and  definite  understanding  of  all  that  is  required.  The  terms,  therefore, 
as  fixed,  should  obviate  any  possibilities  of  extra  allowances,  either  for 
material  or  time,  these  being  the  common  causes  of  contention  between 
the  engineer  and  the  contractor ;  and  the  absence  of  clearness  in  these 
terms  is  frequently  an  invitation  to  unscrupulousness. 

There  are  innumerable  forms  of  specifications  in  use  or  on  paper 
to-day  for  the  same  class  of  work,  many  of  which  differ  materially  in 
essential  features.  Contractors  soon  discover  the  defective  points  of  a 
specification,  often  previous  to  making  their  bid,  and  are  concerned  but 
little  with  restrictions  or  ambiguous  clauses  expressed  therein,  being  quite 
aware  that  the  courts  have  repeatedly  decided  that  a  contract  to  be  binding 
must  be  fair  to  both  parties ;  and  that  a  specification,  being  the  main 
feature  of  the  contract,  should  contain  nothing  that  could  be  construed  to 
the  disadvantage  of  either  party. 

It  is  the  purpose  of  the  specification  attached  to  this  report  to  provide 
for  the  construction  of  the  roadway  of  a  railroad  on  any  part  of  the  west- 
ern continent.  Of  course,  it  is  not  intended  that  it  should  be  adopted  in 
the  sense  of  being  followed  literally  in  every  particular,  by  every  railroad, 
the  physical,  climatic  and  commercial  conditions  in  the  vast  extent  of 
territory  covered  being  so  varied;  but  the  object  sought  is  to  lay  down 
some  general  principles  which  can  be  modified  as  found  necessary  to  suit 
special  conditions. 

SPECIFICATION  FOR  THE  FORMATION  OF  THE  ROADWAY. 

IN   GENERAL. 

I.  The  center  of  the  roadbed  shall  conform  in  alignment  to  the  center 
stakes  set  for  it  by  the  engineer. 

*2.  The  grade  line  on  the  profile  denotes  Subgrade,  and  this  term 
indicates  the  tops  of  the  embankments  and  bottoms  of  cuttings  ready  to 
receive  the  ballast. 

*3.  The  roadbed  shall  be  formed  to  the  contour,  slopes  and  dimen- 
sions  shown    upon    the   drawings   attached   to   and    forming   part   of   the 

♦See  amendments  page  33. 
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contract,  or  to  such  modifications  thereof  as  are  required  to  meet  special 
conditions,  or  as  the  engineer  may  from  time  to  time  direct. 

*4.  When  finished  and  properly  settled,  the  roadbed  shall  conform 
to  the  grade  levels  set  for  it,  and  shall  be  of  the  following  dimensions 
at  subgrade  for  single  track,  viz. : 

On  embankments,  twenty  (20)  feet  wide ;  in  excavations,  twenty  (20) 
feet,  and  outside  of  this  width  the  necessary  ditches  must  be  formed.  For 
each  additional  track  an  additional  width  of  fourteen  (14)  feet  shall  be 
made. 

*5.  The  slopes  of  earth  embankments  to  be  at  an  inclination  of  one 
and  one-half  to  one ;  embankments  of  rock,  one  to  one ;  earth  or  common 
excavations,  one  and  one-half  to  one;  solid  rock  excavations,  one-quarter 
to  one ;  loose  rock  excavations,  one-half  to  one. 

6.  These  ratios  may  be  varied  by  the  engineer,  according  to  circum- 
stances, and  the  slopes  shall  be  made  as  directed  by  him  in  each  partic- 
ular case. 


7.  The  whole  of  the  land  comprising  the  right  of  way  and  station 
yards,  except  any  portions  thereof  that  the  engineer  may  reserve,  shall 
be  cleared  of  all  trees,  brush  and  perishable  materials  of  whatever  nature. 

8.  All  these  materials,  with  the  exception  of  such  as  are  hereafter 
mentioned,  shall  be  burned  or  otherwise  removed  from  the  ground,  as 
the  engineer  may  direct,  and  without  injury  to  adjoining  property. 

9.  Where  clearing  is  to  be  done,  stumps  shall  be  cut  off  even 
with  the  ground,  except  between  the  slope  stakes  of  embankments,  where 
stumps  may  be  cut  so  that  the  depth  of  filling  over  them  will  not  be 
less  than  two  and  one-half  (2V2)   feet. 

*io.  The  work  of  clearing  shall  be  kept  at  least  one  hundred  (100) 
yards  in  advance  of  grading. 

*ii.  All  trees  which  the  engineer  may  reserve  shall  be  stripped  of 
their  tops  and  branches,  cut  to  such  lengths  as  the  engineer  may  direct,  and 
be  neatly  piled  at  such  places  on  the  right  of  way  as  he  may  designate, 
for  which  service  an  allowance  will  be  made  of per  cord. 

*I2.  Fences,  buildings  and  other  movable  property  on  the  right  of 
way  shall  be  carefully  removed  and  piled  up  for  the  use  of  the  owner, 
as  may  be  directed  by  the  engineer,  without  extra  charge,  it  being  under- 
stood that  the  price  for  clearing  covers  these  items ;  except  that  in 
localities  where  buildings  exist  in  large  numbers,  a  special  price  will  be 
made  for  such  work. 

*I3.  Measurement  of  clearing  and  payment  for  the  same  will  be  by 
the  square  of  one  hundred  (100)  feet  square,  or  fraction  thereof  actually 
cleared,  but  no  payment  will  be  made  for  clearing  in  borrow  pits  located 
outside  the  right  of  way. 

14.  In  the  case  of  isolated  trees,  the  area  to  be  computed  and  paid 
for  as  clearing  shall  be  that  covered  by  the  overhang  of  the  branches. 

♦See  amendments  page  ?>S. 
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15.  No  allowance  will  be  made  for  the  burning  or  otherwise  remov- 
ing, as  the  engineer  may  direct,  grain,  grass  or  annual  growths  of  any 
kind,  it  being  understood  that  the  contract  price  for  grading  covers 
this   item. 

GRUBBING.^ 

16.  Stumps  must  be  grubbed  entirely  from  all  places  where  excava- 
tions occur,  including  ground  from  which  material  is  to  be  borrowed, 
as  well  as  from  ditches,  new  channels  for  waterways  and  other  places 
where,  in  the  opinion  of  the  engineer,  it  is  necessary. 

Grubbing  will  also  be  required  between  the  slope  stakes  of  all  em- 
bankments of  less  than  two  and  one-half  feet  in  height. 

*\-.  Tlio  work  of  grubbing  shall  be  kept  at  least  one  hundred  (100) 
yards  in  advance  of  grading. 

*iiS.  Measurement  of  grubbing  shall  be  estimated  only  upon  excava- 
tions of  three  (3)  feet  in  depth  or  less,  and  tmder  embankments  of  two 
and  one-half  (2V2)  feet  in  height  or  less,  and  upon  uniform  ditches, 
whenever  ordered  by  the  engineer.  Payment  for  the  same  will  be  by 
the  square  of  one  hundred  (100)  feet  square  or  fraction  thereof  actually 
grubbed,  but  no  allowance  will  be  made  for  grubbing  in  borrow  pits. 


19.  The  term,  "Grading,"  in  this  specification  includes  all  ditching, 
diversions  of  roads  and  streams,  excavations  and  embankments  for  the 
formation  of  the  roadbed,  foundation  pits,  and  all  similar  works  connected 
with  or  appertaining  to  the  construction  of  the  railway,  its  side  tracks, 
spur  tracks  and  station  grounds. 

20.  All  material  excavated  shall  be  classified  as  solid  rock,  loose  rock 
or  common  excavation. 

21.  Solid  Rock  shall  comprise  rock  in  solid  beds  or  masses  in  its 
original  position,  which,  in  the  judgment  of  the  engineer,  may  be  best 
removed  by  blasting,  and  boulders  or  detached  rock,  measuring  one 
cubic  yard   or   over. 

22.  Loose  Rock  shall  comprise  all  detached  masses  of  rock,  or 
slone  of  more  than  one  cubic  foot  and  less  than  one  cubic  yard 
in  bulk,  and  all  other  rock,  which,  in  ihc  judgment  of  the  engineer,  can 
'be  properly  removed  by  pick  and  bar,  and  without  blasting,  although 
blasting  may  be  resorted  to  on  favorable  occasions  in  order  to  facilitate 
the  work. 

*22.  Coiinnoii  Excavation  shall  comprise  all  other  materials  of  what- 
ever nature  that  do  not  come  under  the  classification  of  solid  rock  or 
loose  rock. 

24.  Slopes  of  all  excavations  shall  be  cut  true  and  straight,  and  all 
loose  stones  in  the  slopes  must  be  promptly  removed. 

25.  In  rock  excavations  the  material  must  in  all  cases  be  taken  out 
*Soo  anionrlments  page  'M. 
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twelve  (12)  inches  below  sub.s:rade,  and  refilled  to  subgrade  with  -ma- 
terial  approved   by   the   engineer. 

*26.  Excavation  in  excess  of  the  cross-section  authorized  by  the  en- 
gineer, as  well  as  slips,  or  subsidences  extending  beyond  the  slope  lines, 
shall  not  be  paid  for,  unless  in  the  judgment  of  the  engineer  such  are  due 
to  causes  which  are  not  the  fault  of  the  contractor  or  his  agents.  If 
such  results  are  unavoidable,  the  surplus  material  shall  be  removed  by 
the  contractor  without  delay,  and  the  slopes  formed  to  the  satisfaction  of 
the  engineer.  The  classification  of  the  material  shall  be  in  accordance  with 
its  condition  at  the  time  of  removal,  regardless  of  prior  conditions. 

*2~.  Where  the  quantity  of  excavation  exceeds  that  required  to  make 
up  the  contiguous  embankments  to  standard  cross-section,  the  surplus  shall 
be  used  to  widen  the  embankments  uniformly,  along  one  or  both  sides,  as 
dii'ected  by  the  engineer,  and  no  material  shall  be  deposited  in  waste 
banks  unless  such  waste  be  provided  for  on  the  profiles  or  else  by  written 
order  of  the  engineer. 

28.  Where  wasting  is  ordered,  the  material  shall,  if  possible,  be  de- 
posited below  grade  line,  and  under  no  circumstances  shall  the  waste  bank 
have  its  nearest  edge  within  twenty  (20)  feet  of  the  slope  stakes  of  the 
cutting. 

*2g.  Where  the  quantity  of  excavation  from  the  cuttings  of  standard 
cross-section  is  insufficient  to  form  the  adjacent  embankments,  the  de- 
ficiency shall  be  made  up  by  widening  the  cuttings  on  one  or  both  sides 
of  the  center  line,  as  directed  by  the  engineer,  and  no  material  shall  be 
taken  from  borrow  pits,  unless  such  borrow  be  provided  for  on  the  profiles, 
or  else  by  written  order  of  the  engineer. 

30.  The  quantities  shown  on  the  profile  exhibited  for  distribution 
of  material  are  approximate  only,  and  will  in  no  way  govern  the  final 
estimate.  The  company  reserves  the  right  to  increase  or  diminish  the 
quantities  given,  without  affecting  the  contract  prices  for  the  various  parts 
of  the  work. 

31.  Where  gravel,  stone  or  any  other  material  suitable  for  special 
uses  of  the  company  are  met  with  in  the  excavations,  the  same  may  be 
reserved  and  deposited  in  convenient  positions  on  the  right  of  way,  to  the 
extent  the  engineer  may  direct,  and  other  suitable  material  in  the  vicinity 
substituted  as  may  be  required  to  complete  the  embankments. 

32.  A  berme  of  four  (4)  feet  shall  be  left  between  the  edge  of  rock 
excavations  and  toe  of  slope  of  overlying  earth. 

'^Zi-  Intercepting  ditches  shall  be  made  at  the  top  of  the  slopes  of  all 
earth  cuttings  where  the  ground  falls  toward  the  top  of  the  slopes,  and 
tliey  must  diverge  sufficiently  to  prevent  abrasion  of  the  adjoining  em- 
bankment. The  cross-section  and  location  of  such  ditches  will  be  desig- 
nated by  the  engineer  and,  if  required  by  him,  shall  be  made  in  advance 
of  opening  the  cutting. 

*34.  Ditches  shall  be  formed  at  the  bottom  of  the  slopes  according  to 
the  cross-section  shown  upon  the  plans,  or  such  modifications  thereof  as 

*See  amendments  pp.   3.3,   34. 
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the  engineer  may  direct ;  they  shall  be  neatly  made,  surfaced  to  true  grade, 
and  at  the  lower  end  must  diverge  sufficiently  to  prevent  abrasion  of  the 
adjacent  embankment. 

35.  Where  subdrains  of  tile  are  necessar\',  the  size  and  location 
of  such  will  be  determined  by  the  engineer.  Excavations  for  these  drains 
must  be  taken  out  to  below  frost  line,  as  directed,  and  made  to  proper 
grade ;  the  tiles  to  be  laid  with  ends  abutting  and  covered  with  slough 
grass,  hay  or  straw,  over  which  shall  be  placed  engine  cinders  or  fine 
gravel  to  a  depth  of  three  (3)  or  four  (4)  inches,  and  the  remainder  of 
the  trench  filled  with  coarse  gravel  or  broken  stone. 

Measurement  and  payment  for  such  drains  will  be  by  the  lineal  foot, 
according  to  diameter  of  tile,  including  excavation  and  refilling,  the 
contractor  to  find  all  the  material  for  the  same. 

36.  Excavations  incident  to  the  construction  of  the  roadbed,  ditches, 
channels  and  roadways  shall  be  used  in  forming  the  embanlcments ;  but  no 
unsuitable  material  or  material  whilst  in  a  frozen  state  will  be  allowed  to 
enter  into  their  composition. 

37.  Wherever  in  the  judgment  of  the  engineer  it  is  practicable,  em- 
bankments shall  be  built  in  horizontal  layers  of  from  two  (2)  to  four  (4) 
feet  in  thickness ;  these  layers  to  be  of  the  full  width  of  the  embankment, 
and  built  to  the  true  slope,  without  widening  with  loose  material  from  the 
top.  The  materials  shall  be  placed  in  such  location  as  the  engineer  may 
direct,  and  the  most  suitable  must  in  all  cases  be  reserved  for  finishing  the 
surfaces.  Excepting  in  rock  embankments,  no  large  stones  will  be  allowed 
within  a  depth  of  at  least  two  (2)  feet  below  sub-grade. 

38.  Embankments  shall  be  carried  to  such  height  above  sub-grade 
and  to  such  increased  width  as  the  engineer  may  deem  a  necessary  pro- 
vision for  shrinkage,  compression  and  washing.  As  the  embankments 
become  consolidated,  their  sides  shall  be  carefully  trimmed  to  the  proper 
slopes,  and  they  must  be  maintained  to  their  proper  height,  dimensions  and 
shape,  until  the  work  is  finally  accepted  by  the  engineer. 

39.  When  an  embankment  is  to  be  placed  on  sloping  ground,  the  sur- 
face shall  be  deeply  plowed  or  stepped ;  and  whene  v  er  directed  by  the 
engineer,  boggy  or  unsuitable  material  shall  be  excavated  from  under  pro- 
posed embankment,  and  the  embankment  in  all  cases  started  from  a  firm 
foundation. 

40.  In  crossing  bogs  or  swamps  of  unsound  bottom,  the  engineer  may 
require  a  special  substructure  of  logs  and  brushwood,  the  logs  form- 
ing this  foundation  to  be  not  less  than  six  (6)  inches  in  diameter  at  the 
small  end.  There  shall  be  two  layers  crossing  each  other  at  right  angles, 
the  logs  of  each  layer  being  placed  close  together,  with  broken  joints  and 
covered  closely  with  brush,  and  they  shall  project  five  (s)  feet  beyond 
the  slope  stakes  of  the  embankment. 

Measurement  of  this  substructure  and  payment  for  the  same  will  be 
by  the  square  of  one  hundred  (100)  feet  square,  or  fraction  thereof,  of 
ground  area  covered  by  the  substructure. 

41.  In  forming  embankments  to  take  the  place  of  existing  trestles, 
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the  material  must  be  thoroughly  compacted  between  the  trestle  bents,  and 
around  and  under  all  parts  of  the  structure,  and  in  case  of  train  filling 
from  above  grade  by  means  of  a  temporary  trestle,  the  material  must  be 
uniformly  spread  in  the  fill. 

42.  Embankments  butting  against  the  ends  of  trestle  bridges  shall  be 
brought  forward  upon  the  structures  a  length  of  at  least  six  (6)  feet,  with 
an  increased  breadth  of  two   (2)  feet,  in  order  to  form  a  full  roadbed. 

*43.  The  top  of  embankments  must  be  compact,  and  finished  to  a  true 
plane,  and  no  depressions  left  that  would  hold  water. 

44.  In  embankments  over  or  about  masonry  or  other  structures,  the 
material  shall  be  deposited  in  thin  layers,  and  each  layer  carefully  tamped. 
Special  care  must  be  exercised  not  to  unduly  strain  these  structures,  and 
only  the  best  material  available  will  be  allowed  for  the  purpose  of  such 
filling.  The  contract  price  for  excavation  shall  cover  the  cost  of  obtain- 
ing, distributing  and  packing  the  material  behind,  over  and  around  all  such 
structures. 

BORROW  PITS. 

*45.  Land  for  borrow  pits  or  waste  banks  outside  of  the  railroad 
property  will  be  secured  by  the  contractor  at  his  own  expense. 

*46.  Borrow  pits  within  the  limits  of  the  right  of  way  shall  be  regular 
in  width,  and,  if  necessary,  connected  with  ditches,  and  drained  to  the 
nearest  water  course.  Material  shall  in  no  case  be  borrowed  to  a  depth 
that  will  not  permit  of  proper  drainage.  In  prairie  country  the  drainage 
through  borrow  pits  may  be  omitted  at  the  discretion  of  the  engineer. 

47.  Side  slopes  of  borrow  pits  on  the  right  of  way  shall  be  of  similar 
angle  to  the  prism  of  the  road.  A  berme  of  not  less  than  six  (6)  feet  in 
width  shall  be  left  between  slope  stakes  of  the  embankment  and  the  edge 
of  the  borrow  pit,  and  a  berme  of  not  less  than  three  (3)  feet  between  the 
outside  slope  of  the  borrow  pit  and  the  right  of  way  line.  Bermes  must 
consist  of  the  original  unbroken  ground. 

48.  Borrowing  must  be  done  in  regular  shape  in  order  to  admit  of 
ready  and  accurate  measurement. 

49.  Borrow  pits  shall  not  be  excavated  before  they  have  been  staked 
out  and  cross-sectioned  by  the  engineer. 

50.  In  land  set  apart  for  station  grounds,  or  other  special  purposes,  no 
borrowing  will  be  allowed  below  grade,  nor  any  wasting  of  material  above 
grade,  except  by  written  directions  of  the  engineer. 

PRICE  AND  MEASUREMENT. 

51.  All  grading  shall  be  done  and  estimated  by  the  cubic  yard,  at  the 
prices  specified  for  the  respective  materials.  Measurement  shall  be  made 
in  excavation  only,  except  in  cases  hereinafter  mentioned. 

52.  The  contract  price  per  cubic  yard  will  include  the  excavation  of 
the  material  by  any  method  whatever,  the  loading,  transportation  and 
deposit  of  the  same  in  the  manner  described  by  this  specification,  and  in 

♦See  amendments  page  34. 
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the  places  designated  by  the  engineer,  the  plowing  or  benching  of  slopes, 
as  well  as  all  other  expense  incident  to  the  work  of  grading. 

*53.  It  is  distinctly  understood  that  the  contract  price  per  cubic  yard 
covers  any  haul  found  necessary,  and  that  there  will  be  no  allowance  made 
for    any    so-termed    "overhaul." 

54.  If  in  the  opinion  of  the  engineer  any  borrowed  material  can  be 
more  accurately  measured  in  embankment,  his  work  may  be  done  in  that 
manner,  using  the  cross-section  notes  of  the  embankment  prisms  and 
making  the  allowance  which  in  his  judgment  is  just  and  reasonable,  so  that 
the  quantities  measured  shall,  as  nearly  as  possible,  equal  the  excavation 
quantities,  had  it  been  practicable  to  measure  them  in  excavation ;  but  this 
does  not  apply  to  rock  embankments. 

55.  Rock  embankments,  if  measured  in  embankment,  will  be  paid  for 
according  to  the  number  of  cubic  yards  as  shown  by  the  cross-section 
notes  of  such  embankments. 

56.  There  shall  be  no  classification  or  allowance  made  for  loose  or 
solid  rock  in  borrow  pits,  it  being  the  intent  and  meaning  of  this  specifica- 
tion that  all  borrowed  material  shall  be  classified  and  paid  for  as  common 
excavation,  unless  specific  written  instructions  are  given  by  the  engineer 
to  the  contrary. 

TUNNEL  EXCAVATION. 

57.  Tunnels  shall  be  excavated  to  the  alignment  and  gradients  shown 
upon  the  plans,  or  to  such  modifications  thereof  as  the  engineer  may 
direct,  and  they  shall  conform  as  near  as  practicable  with  the  standard 

cross-section,  as  shown  upon  drawing  No ;  the  height  and  width 

to  be  designated  in  each  case  by  the  engineer,  in  order  to  meet  existing 
conditions. 

58.  Tunnels  which,  in  the  opinion  of  the  engineer,  require  lining  with 
masonry  or  timber    shall  be  excavated  to  the  cross-section  shown  upon 

drawing  No in  order  to  give  room  for  the  lining,  and  leave  as 

small  a  space  as  possible  to  back-fill. 

*5g.  Bottom  of  tunnels  shall  be  picked  to  a  uniform  surface,  and  no 
rocky  protuberances  will  be  allowed  inside  the  general  lines  of  the  section. 

60.  Blasting  shall  be  done  with  all  possible  care,  so  as  not  to  damage 
the  roof  and  sides,  and  all  insecure  pieces  of  rock  beyond  the  contour  lines 
shall  be  removed  by  the  contractor  as  directed  by  the  engineer. 

*6i.  Excavation  in  excess  of  the  authorized  contour  will  not  be  paid 
for  unless,  in  the  opinion  of  the  engineer,  the  conditions  are  unusual,  and 
the  character  of  the  material  makes  it  impracticable  to  work  reasonably 
close  to  the  specified  lines.  If,  in  the  opinion  of  the  engineer,  the  drilling 
or  use  of  explosives  is  improperly  managed,  and  unnecessarily  shatters  the 
sides  or  roof  of  the  tunnel,  the  engineer  will  have  the  right  to  regulate  the 
drilling  and  use  of  such  explosives. 

62.  The  price  paid  for  tunnel  excavation  shall  embrace  all  materials 
between  the  outer  faces  of  the  two  (2)  portals,  and  shall  include  the  loos- 

*S('e  amendmeuts  page  .'^4. 
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ening,  loading,  transportation  and  placing  of  the  material  in  embankment 
or  waste  bank  as  directed  by  the  engineer;  it  shall  also  include  whatever 
materials  and  labor  are  required  for  temporary  props,  supports  and  scaf- 
folding for  the  safe  prosecution  of  the  work,  as  well  as  all  expense  of  keep- 
ing the  tunnel  ventilated  and  free  from  water,  oil  or  gas. 

63.  Niches  or  recesses  for  the  protection  and  convenience  of  the  rail- 
way employes  shall  be  provided  at  intervals  designated  by  the  engineer. 

64.  All  drainage  shall  be  carefully  executed,  as  shown  upon  plans,  or 
as  may  be  directed  by  the  engineer,  and  all  springs  or  sources  of  water 
shall  be  treated  as  the  engineer  may  direct,  the  cost  of  which  must  be  in- 
cluded in  the  price  for  excavation. 

=^65.  The  engineer  will  determine  the  location,  number  and  dimensions 
of  all  shafts,  and  the  excavation  price  for  them  shall  cover  all  materials 
contained  between  the  surface  of  the  ground  and  the  soffit  of  the  tunnel, 
within  the  area  of  the  cross-section  specified  by  the  engineer ;  said  price 
will  also  cover  whatever  m.aterials  and  labor  may  be  required  for  curbing 
or  such  other  support  as  the  sides  of  the  shaft  may  require,  the  cost  of 
keeping  the  shafts  free  of  water,  as  well  as  the.  cost  of  all  pumping  and 
hoisting  machinery. 

*66.  All  necessary  wells  or  sumps  shall  be  made  as  directed  by  the 
engineer,  and  they  shall  be  paid  for  at  same  rate  per  cubic  yard  as  shaft 
excavation. 

67.  The  contractor  will  make  all  arrangements,  and  be  at  the  sole 
expense,  of  any  right  of  way  necessary  over  the  top  of  the  tunnel  for  such 
roads  between  the  ends  of  the  tunnel  as  he  may  need,  and  all  grading 
necessary  for  the  same  will  be  done  at  his  sole  expense. 

*68.  It  is  distinctly  understood  that  the  contract  prices  per  cubic  yard 
for  tunnel  and  shaft  excavation,  respectively,  cover  any  haul  found  neces- 
sary in  placing  the  material  where  designated,  and  that  there  will  be  no 
allowance  for  any  so-termed  "overhaul." 

CLAUSES  SPECIALLY  APPLICABLE  TO  REVISION  OF  EXIST- 
ING LINE,  AND  WIDENING  FOR  AN  ADDITIONAL  TRACK. 

The  contractor  must  so  regulate  his  methods  of  work  as  not  to  inter- 
fere in  any  manner  with  the  train  service  of  the  company,  and  he  will  be 
held  responsible  for  any  delays  to  such  service  caused  by  his  acts  or 
those  of  his  employes.  He  will  also  be  held  responsible  for  all  damage 
to  existing  tracks  from  such  causes.  Trains  delayed  by  such  acts  will  be 
reckoned  on  a  basis  of  damages,  to  be  charged  to  the  contractor  at  the 
rate  of  five  ($5.00)  dollars  for  each  five  minutes  of  detention  of  each  train 
delayed.  And,  further,  if  continuous  detention  occur  to  the  train  service, 
the  company  reserves  the  right  to  complete  the  work,  on  summary  notice 
to  the  contractor  in  writing,  at  expense  of  said  contractor,  as  provided 
for  in  the  contract. 

No  heavy  blasting  will  be  allowed  close  to  the  main  tracks,  nor  will 

*.See  amendments  page  35. 
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the  contractor  be  permitted  to  transport  material,  under  any  circumstances, 
along  or  between  tracks.  Wherever,  in  the  opinion  of  the  engineer,  the 
work  is  liable  to  affect  the  safety  of  trains,  the  method  of  doing  such  work 
must  first  be  submitted  to  said  engineer  for  his  approval. 

The  location  of  the  additional  track  will  generally  be  on  the 

side  of  existing  line,  but  whenever-  it  is  expedient  to  change  any  portion 

to  the  side,  the  altered  alignment  is  shown  upon  the  maps  or 

diagrams  attached  to  and  forming  part  of  this  specification,  and  the  con- 
tractor shall  conform  to  the  same  without  extra  charge. 

Existing  embankments  of  four  (4)  feet  in  heighf  or  over  shall  have 
the  slope  deeply  plowed  in  order  to  bind  the  new  material  thoroughly  to  it. 

Wherever  it  is  necessary  for  material  of  any  description  to  be  trans- 
ported across  the  existing  track  or  tracks,  the  location  of  the  crossings 
must  be  approved  by  the  engineer,  and  the  contractor  shall  furnish  at  his 
own  cost  the  lumber  and  spikes  for  said  crossings.  The  labor  of  placing 
the  same  will  be  done  by  the  company,  and  the  actual  cost  charged  to 
the  contractor,  and  deducted   from  his  estimate. 

Watchmen,  both  day  and  night,  will  be  put  on  by  the  company  at  all 
places  the  engineer  considers  necessary  for  the  safety  of  the  company's 
trains  and  works,  and  shall  be  charged  to  the  contractor  and  deducted 
from  his  estimate.  It  is  distinctly  understood,  however,  that  the  pro- 
viding of  such  watchmen  shall  not  relieve  the  contractor  from  the  liability 
and  payment  of  damages  caused  by  his  operations. 

All  signals  required  by  the  engineer  as  necessary  to  ensure  the  safety 
of  trains  consequent  upon  the  contractor's  work  shall  be  strictly  observed 
by  the  contractor  upon  the  whole  extent  of  the  work. 

GENERAL    CONDITIONS. 

Previous  to  or  during  the  work  of  grading,  the  contractor  may  be 
required  to  erect  and  maintain  temporary  fences,  in  order  to  prevent  tres- 
pass upon  the  railway  or  damage  to  adjoining  property. 

He  shall  also  make  and  keep  in  good  condition  commodious  passing 
places  for  public  and  private  roads  traversed  by  the  line  of  railway,  and 
shall  be  held  responsible  for  damages  of  whatsoever  nature,  to  persons  or 
neighboring  property,  caused  by  workmen  in  his  employ  leaving  gates  or 
fences  open,  blasting  of  rocks,  building  fires,  or  other  causes,  and,  if  neces- 
sary, payment  of  the  engineer's  estimate  may  be  withheld  at  the  option 
of  the  engineer,  until  such  damages  are  satisfactorily  settled  for,  the 
intention  of  the  contract  being  that  the  company  shall  not  be  held  responsi- 
ble for  any  claims  or  losses  incurred  due  to  the  construction  of  the  line. 

The  alignment  and  gradients  of  the  road,  as  well  as  ditches,  channels, 
etc.,  may  be  changed  in  manner  as  the  engineer  may  consider  necessary 
or  expedient,  either  before  or  after  the  commencement  of  the  work,  and 
if  such  change  increase  the  quantities,  the  contractor  shall  be  paid  for 
such  excess  at  contract  rates. 

If  the  alteration  diminish  the  quantities  or  extent  of  the  work  to  be 
done,  it  shall  in  no  manner  be  construed  as  constituting  a  claim  for  dam- 
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ages,  nor  shall  any  claim  be  made  on  the  work  altered  or  dispensed  with. 
The  contractor  shall  be  paid  only  for  work  actually  done,  at  contract  rates, 
except  in  the  case  of  cuttings  and  embankments  where  the  slopes  had  been 
actually  completed  and  accepted  by  the  engineer ;  when  such  have  to  be 
altered,  the  contractor  shall  be  paid  for  the  actual  labor  of  re-sloping  at 
current  rates  of  wages  with  ten  (lo)  per  cent,  added. 

Before  beginning  grading,  as  well  as  during  the  progress  of  the  work, 
the  contractor  must  remove  all  snow  and  ice  from  between  the  slope 
stakes,  and  at  his  own  expense. 

The  contractor  shall  carefully  preserve  all  bench  marks  and  stakes 
given  by  the  engineer,  and  in  case  of  neglect  to  do  so,  will  be  charged 
with  the  resulting  expense. 

Whenever  required  by  the  engineer,  the  contractor  must  open  up  a 
safe  road  for  passage  on  horseback  and  foot  along  the  whole  or  any 
portions  of  the  work  under  contract. 

No  allowance  or  compensation  whatever  shall  be  due  or  paid  to  the 
contractor  for  any  temporary  roads,  bridges  or  trestles  he  may  make  to 
facilitate  the  work. 

Before  the  work  is  finally  taken  over,  the  contractor  must,  at  his  own 
expense,  clear  away  from  the  company's  property,  as  well  as  from  public 
and  private  roads,  and  the  channels  of  streams  and  ditches,  all  blasted  or 
excavated  material,  and  all  rubbish  caused  by  his  employes. 

The  cost  of  any  extra  work  will  not  be  considered  or  allowed,  unless 
such  extra  work  shall  have  been  done  by  direction  in  writing  of  the  engi- 
neer, and  such  written  directions  must  in  every  case  contain  the  rates  and 
methods  of  payment  for  said  extra  work. 

The  contractor  shall  take  all  risks  from  casualties  of  every  nature, 
and  will  not  be  entitled  to  any  compensation  for  detentions  from  such 
causes. 

Whenever  the  word  company  is  used  in  this  specification  it  designates 
the    company. 

The  word  "contractor"  is  used  herein  to  designate  the  person  or 
persons  undertaking  the  work  referred  to  in  this  specification  and  drawings. 

Whenever  the  word  "engineer"  is  used,  it  designates  the  engineer 
of  the  railway  company  who  is  in  immediate  charge  of  the  work,  but  the 
directions  of  any  subordinate  engineer,  in  writing  or  otherwise,  shall  be 
obeyed  by  the  contractor,  when  said  subordinate  engineer  is  acting  within 
his  regular  duties,  or  is  directly  transmitting  the  orders  of  his  superior. 

The  foregoing  specification  and  general  conditions,  together  with 
the  drawings,  are  distinctly  understood  as  being  embodied  with  the  con- 
tract, the  whole  forming  the  entire  agreement  between  the  company  and 
the  contractor. 
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DEFINITIONS  OF  TERMS. 

In  this  day  of  standardizing  the  several  branches  of  the  profession  of 
railroading,  as  seen  by  the  rules  promulgated  by  its  various  Associations, 
it  is  evident  that  the  necessity  for  uniformity  of  terms  and  correct  defini- 
tions   is  a  live  question  for  the  consideration  of  this  Association. 

An  "Engine  Pilot"  may  mean  the  same  as  a  "Cow-catcher,"  and  a 
"Way-car"  be  called  a  "Caboose"  or  "Van,"  but  there  is  nothing  to  be 
gained  by  a  diversity  of  expressions  to  indicate  the  saipe  thing.  Realizing 
this,  the  representative  railroad  men  of  the  country  encourage  assemblies 
and  conventions  of  their  practical  men,  to  formulate  not  only  uniform 
methods  of  working,  but  terms  descriptive  of  the  same.  Also,  common 
usage  has  given  to  certain  terms  definitions  which  are  not  to  be  found 
in  our  ordinary  standard  dictionaries,  and  this  Association  can  render  im- 
portant service  to  its  membership  in  particular,  and  to  the  railroad  world 
in  general,  by  compiling  and  recommending  a  glossary  of  the  various 
terms  and  synonyms  used  in  connection  with  the  construction,  operation 
and  maintenance  of  railroads  on  this  continent. 

Under  such  a  recognized  system  of  uniformity,  there  would  be  no 
more  reason  for  doubt  as  to  the  meaning  of  any  term,  than  there  is  to-day 
in  misunderstanding  what  is  expressed  by  the  "M.  C.  B."  Coupler,  or  the 
"A.  S.  C.  E."  Rail  Section. 

The  list  submitted  herewith  of  terms  pertaining  to  roadway  will,  it 
is  hoped,  prove  a  useful  contribution  to  such  a  general  glossary  as  that 
proposed. 

Alignment. — The  ground  plan  of  the  center  line  of  a  track  in  distinction 

and  maintained  by  any  given  material. 
Berme. — An  approximately  horizontal  surface  between  the  top  or  toe  of  a 

slope  and  a  ditch  or  other  excavation,  for  the  protection  of  the  slope. 
Bog. — Wet,  spongy  ground  of  decayed  and  decaying  vegetable  matter. 
Borrow  or  Borrow  Pit. — A  pit  dug  for  obtaining  material  for  making  an 

embankment   or   other   filling. 
Clearing. — The  removal  of  timber  and  other  porishalilc  material  from  the 

surface  of  the  ground. 
Construction. — The  act  of  building  or  making. 
Contour. — The  outline  of  a  figure  or  surface. 

Cross-Section. — A  vertical  plane  surface  through  any  material  or  structure. 
Cut  or  Cutting. — The  excavation  along  the  line  of  roadbed  through  any 

material,  to  reach  an  established  grade. 
Ditch. — An  open  artificial  waterway  for  providing  drainage. 
Drain. — A  closed  artificial  waterway  for  conducting  water  from  the  road- 
bed. 
Drainage. — The  removal  or  interception  of  water   from  above  or  under 

the   roadbed. 
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Embankment  or  Fill. — A  bank  of  earth,  rock  or  other  material  con- 
structed for  the  purpose  of  carrying  a  track  above  the  natural  ground 
surface. 

Elevatiox  or  Height. — ^The  distance  of  any  given  point  above  an  estab- 
lished plane. 

Erosion. — The  wearing  away  of  material  by  water. 

Excavation. — The  artificial  cutting  down  of  the  natural  ground  surface. 

Grade   (noun). — The  surface  of  the  track. 

Grade  (verb). — To  prepare  the  ground  for  the  reception  of  the  ballast 
and  track,  and  other  similar  'works  appertaining  thereto. 

Grade-Line.- — The  line  on  the  profile  representing  the  tops  of  embank- 
ments and  bottoms  of  cuttings  ready  to  receive  the  ballast. 

Grading. — The  work  of  excavation  or  embankment  for  the  roadbed. 

Grubbing. — Removal  by  the   roots. 

0\'erhaul. — The  distance  beyond  a  given  limit  that  material  is  hauled 
in  constructing  roadbed. 

Roadbed. — The  surface  upon  which  a  track  is  laid. 

Rock. — A  large,  hard  mass   of  mineral   substance. 

Settlement. — Sinking;  an  adjustment  in  the  direction  of  permanent  posi- 
tion. 

Slope. — The  face  of  a  cutting  or  embankment. 

Specification. — A  written  or  printed  statement  containing  an  enumeration 
of  particulars. 

Sub-Drains. — Covered    drains    below   the    roadbed    or    ground    surface. 

Sub-Grade. — The  surface  of  a  roadway  below  the  ballast. 

Stability. — Permanence ;    firmness ;    resistance   to   displacement. 

Standard. — That  which  is  established  as  a  correct  guide  or  model. 

Tempoil\ry* — Constructed  for   a  short  term   of   service. 

Trench. — A  ditch  for  providing  drainage. 

Tunnel. — A  passageway  under  ground  or  water. 
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CONCLUSIONS. 

The  Committee  begs  to  submit  the  under-mentioned  recommendations 
for  adoption  by  the  Association : 

1.  Similarity  in  form  of  specifications. 

2.  The  unit  of  measurement  of  clearing  and  grubbing  to  be  a  square 
of  one  hundred   (ico)   feet  square. 

*3.  A  three-fold  classification  of  materials,  Solid  Rock,  Loose  Rock 
and  Common  Excavation,  as  described  in  the  foregoing  specifications. 

4.  That  profiles  be  made  complete  in  regard  to  distribution  of  mate- 
rial, in  order  to  obviate  necessity  for  overhaul  measurements. 

5.  That  the  form  of  specification  attached  to  this  report  embraces 
the  best  principles  of  theory  and  practice  in  that  part  of  construction  under 
this  Committee. 

Respectfully   submitted, 

W.  McNab,  Assistant  Engineer,  Grand  Trunk  Railway  System,  Montreal, 
Can.,  Chairman; 

H.  J.  Slifer^  General  Superintendent,  Chicago,  Rock  Island  &  Pacific 
Railway,  Chicago,  111.,  Vice-Chair}iian; 

C.  Frank  Allen^  Professor  of  Railroad  Engineering,  Massachusetti  Insti- 
tute of  Technology,  Boston,  Mass. ; 

II.  Baldwin,  Superintendent,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railway,  Mattoon,  111. ; 

R.  C.  Barnard,  Superintendent,  Pennsylvania  Lines  West,  Cambridge.  O. ; 

A.  C.  Dennis,  Civil  Engineer,  Clarksburg,  W.  Va. ; 

C.  Dougherty,  Superintendent,  Illinois  Central  Railroad,  Clinton,  111.; 

\V.  D.  Pence,  Professor  of  Civil  Engineering,  Purdue  University,  Lafay- 
ette, Ind. ; 

H.  C.  Phillips,  Engineer,  Western  Grand  Division,  Atchison,  Topeka  & 
Santa  Fe  Railway,  La  Junta,  Colo. ; 

VV.  F.  Tye,  Assistant  Chief  Engineer,  Canadian  Pacific  Railway,  Montreal, 
Can.,  Committee. 


*See  amendments  page  35. 
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AMENDMENTS  TO  REPORT  ON  ROADWAY. 

2.  The  grade-line  on  the  profile  denotes  subgrade,  and  this  term  indi- 
cates the  tops  of  the  embankmenti  and  bottoms  of  cuttings  ready  to 
receive  the  ballast. 

3.  The  roadbed  shall  be  formed  to  the  contour,  slopes  and  dimen- 
sions shown  upon  the  standard  drawings  forming  part  of  the  contract,  or 
to  such  modifications  thereof  as  are  required  to  meet  special  conditions, 
or  as  the  engineer  may  from  time  to  time  direct. 

4.  When  finished  and  properly  settled,  the  roadbed  shall  conform  to 
the  finishing  stakes  set  for  it.  and  shall  be  of  the  following  dimensions  at 
subgrade  for  single  track,  viz. : 

5.  The  slopes  of  earth  embankments  to  be  at  an  inclination  of  one 
and  one-half  to  one ;  embankments  of  rock  from  one  to  one,  to  one  and 
one-half  to  one ;  earth  or  common  excavation,  one  and  one-half  to  one ; 
solid  rock  excavations,  one-quarter  to  one ;  loose  rock  excavations,  one- 
lialf  to  one. 

10.  The  work  of  clearing  shall  be  kept  at  least  one  thousand  (1,000) 
feet  in  advance  of  the  cross-sectioning. 

11.  All  trees  which  the  engineer  may  reserve  shall  be  stripped  of  their 
tops  and  branches,  cut  to  such  lengths  as  the  engineer  may  direct,  and  be 
neatly  piled  at  such  places  on  the  right  of  way  as  he  may  designate,  for 
"which  service  payment  will  be  made  by  the  cord  of  128  feet. 

12.  Fences  and  other  movable  property  on  the  rieht  of  way  shall  be 
■carefully  removed  or  piled  up,  as  may  be  directed  by  the  engineer,  without 
extra  charge,  it  being  understood  that  the  price  for  clearing  covers  these 
items.  In  localities  where  buildings  exist,  a  special  price  will  be  paid  for 
their  removal. 

13.  Measurement  of  clearing  and  payment  for  the  same  will  be  by  the 
square  of  one  hundred  (100)  feet  square,  or  fraction  thereof,  actually 
■cleared. 

17.  The  work  of  grubbing  shall  be  kept  at  least  three  hundred  (300) 
feet  in  advance  of  grading. 

18.  IMeasurement  of  grubbing,  executed  under  the  direction  of  the 
•engineer,  shall  be  estimated  upon  all  excavations  and  the  space  to  be  cov- 
ered by  all  embankments  of  two  and  one-half  (2%)  feet  in  height  or  less. 
Payment  for  the  same  will  be  by  the  square  of  one  hundred  (100)  feet 
square,  or  fraction  thereof,  actually  grubbed.   • 

23.  Common  Excavation  shall  comprise  all  other  materials  of  what- 
ever nature  that  do  not  come  under  the  classification  of  solid  rock  or 
loose  rock,  or  such  special  classifications  as  may  be  established  before  the 
award  of  contract. 

26.  Excavation  in  excess  of  the  cross-section  authorized  by  the  engi- 
neer, as  well  as  slips,  or  subsidences  extending  beyond  the  slope  lines, 
shall  not  be  paid  for,  unless  in  the  judgment  of  the  engineer  such  are  due 
to  causes  which  are  not  the  fault  of  the  contractor  or  his  agents.  In  all 
cases  the   surplus   material   shall   be    removed  by   the   contractor   without 
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delay,  and  the  slopes  formed  to  the  satisfaction  of  the  engineer.  The  classi- 
fication of  the  material  shall  be  in  accordance  with  its  condition  at  the 
lime  of  removal,  regardless  of  prior  conditions. 

27.  Where  the  quantity  of  excavation  exceeds  that  required  to  make 
up  the  embankments  to  standard  cross-section,  the  surplus  shall  be  used 
to  widen  the  embankments  uniformlj",  along  one  or  both  sides,  as  directed 
by  the  engineer,  and  no  material  shall  be  deposited  in  waste  banks  unless 
such  waste  be  provided  for  on  the  profiles  or  else  by  written  order  of  the 
engineer. 

29.  Where  the  quantity  of  excavation  from  the  cuttings  of  standard 
cross-section  is  insufficient  to  form  the  embankments,  the  deficiency  shall 
be  made  up  by  widening  the  cuttings  on  one  or  both  sides  of  the  center 
line,  as  directed  by  the  engineer,  and  no  material  shall  be  taken  from 
borrow  pits,  unless  such  borrow  be  provided  for  on  the  profiles,  or  else 
by  written  order  of  the  engineer. 

22.  Intercepting  ditches  shall  be  made  at  the  top  of  the  slopes  of  all 
earth  cuttings  where  the  ground  falls  toward  the  top  of  the  slopes,  and 
they  must  diverge  sufficiently  to  prevent  erosion  of  the  adjoining 
embankment.  The  cross-section  and  location  of  such  ditches  will  be  desig- 
nated by  the  engineer  and,  if  required  by  him.  sliall  be  made  in  advance 
of  opening  the  cutting. 

34.  Ditches  shall  be  formed  at  the  bottom  of  the  slopes  according  to 
the  cross-section  shown  upon  the  plans,  or  such  modifications  thereof  as 
the  engineer  may  direct ;  they  shall  be  neatly  made,  surfaced  to  true  grade, 
and  at  the  lower  end  must  diverge  sufficiently  to  prevent  erosion  of  the 
adjoining  embankment. 

43.  The  subgrade  must  be  compact,  and  finished  to  a  true  plane,  and 
no  depressions  left  that  would  hold  w-ater. 

45.  Land  for  borrow  pits  or  waste  banks  will  be  provided  by  the 
railroad  company. 

46.  Borrow  pits  within  the  limits  of  the  right  of  w^ay  shall  be  regu- 
lar in  width,  and.  if  necessary,  in  the  opinion  of  the  engineer,  connected 
with  ditches,  and  drained  to  the  nearest  watercourse.  Material  shall  in 
no  case  be  borrowed  to  a  depth  that  will  not  permit  of  proper  drainage. 
In  prairie  country  the  drainage  through  borrow  pits  may  be  omitted  at  the 
discretion  of  the  engineer. 

53.  Unless  otherwise  specified,  it  is  distinctly  understood  that  the 
contract  price  per  cubic  yard  covers  any  haul  found  necessary,  and  that 
there  will  be  no  allowance  made  for  any  so-termed  "overhaul."' 

59.  In  rock  tunnels  the  material  must  in  all  cases  be  taken  out 
twelve  inches  below  subgrade  and  refilled  to  subgrade  with  material  ap- 
proved by  the  engineer. 

61.  Excavation  in  excess  of  the  authorised  contour  will  not  be  paid 
for.  If  in  the  opinion  of  the  engineer  the  drilling  or  use  of  explosives  is 
improperly  managed  and  vmnecessarily  shatters  the  sides  or  roof  of  the 
tunnel,  the  engineer  will  have  the  right  to  regulate  the  drilling  and  use 
of  such  explosives. 
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65.  The  engineer  will  determine  the  location,  number  and  dimensions 
of  all  shafts,  and  the  excavation  price  for  them  shall  cover  all  materials 
contained  between  the  surface  of  the  ground  and  the  cross-section  of 
the  tunnel,  as  specified  by  the  engineer;  said  price  will  also  cover  what- 
ever materials  and  labor  may  be  required  for  curbing  or  such  other 
support  as  the  sides  of  the  shaft  may  require,  the  cost  of  keeping  the 
shafts  free  of  water,  as  well  as  the  cost  of  all  pumping  and  hoisting  ma- 
chinery. 

66.  All  wells  and  sumps  within  the  tunnel  necessary  for  its  per- 
manent drainage  and  made  as  directed  by  the  engineer  shall  be  paid  for 
at  the  same  rate  per  cubic  yard  as  for  tunnel  excavation. 

68.  It  is  distinctly  understood  that  the  contract  prices  per  cubic 
yard  for  tunnel  and  shaft  excavation,  respectively,  cover  any  haul  found 
necessary  in  placing  the  material  where  designated,  and  that  there  will 
be  no  allowance  for  any  so-termed  "overhaul,"  unless  otherwise  speci- 
fied. 

Conclusion  No.  3.  A  three-fold  classification  of  materials.  Solid 
Rock,  Loose  Rock  and  Common  Excavation,  and  in  special  cases  such 
additional  classification  of  material  as  may  seem  necessary,  such  addi- 
tional classes  to  be  distinctly  defined  and  specified  in  the  contract. 
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The  President: — Gentlemen,  you  have  before  you  the  report 
of  the  Committee  on  Roadway.  The  report  having  been  printed 
and  distributed,  it  is  not  necessary  that  it  should  be  read.  Mr. 
McNab,  the  chairman  of  the  Committee,  is  present,  and  we  will 
be  glad  to  have  him  open  the  discussion  on  the  report. 

Mr.  W.  McNab  (Grand  Trunk)  : — The  report  of  the  Com- 
mittee on  Roadway  has  been  in  your  hands  for  some  weeks  and 
speaks  for  itself.  There  are  one  or  two  minor  amendments  which 
the  Committee  desires  to  make ;  such,  however,  are  only  changes 
in  the  construction  of  the  wording  in  order  to  make  the  meaning 
more  definite.  It  is  the  Committee's  desire  that  the  report  be 
thoroughly  criticised,  and  whether  such  criticism  be  favorable 
or  adverse,  in  part  or  in  whole,  it  is  hoped  that  the  discussion  will 
be  full  and  open,  that  is,  that  every  member  will  take  part  in  it. 
It  is  easier  to  criticise  when  there  is  something  tangible  before 
us,  and  it  is  expected  that  the  members  generally  will  make  use  of 
this  condition.  I  may  be  permitted  to  say  that  in  regard  to  the 
consideration  of  a  standard  specification,  or  a  standard  for  any 
other  matter,  we  should  endeavor,  as  far  as  possible,  to  guard 
against  undue  influence  by  reason  of  our  respective  immediate 
environments  and  custom  in  the  past.  We  should  view  each 
clause  as  it  comes  up  for  discussion  from  the  standpoint  of 
efficiency  and  economy,  as  well  as  from  that  of  those  features 
which  tend  to  the  least  inconvenience  in  producing  the  most  satis- 
factory results,  not  only  in  regard  to  the  work  itself,  but  also  in 
the  final  settlement  with  the  contractor.  The  report  is  now  open 
for  discussion. 

The  President : — We  have  to  accomplish  a  great  deal  in  our 
sessions  here,  and  we  can  only  do  it  by  being  prompt  in  our 
discussions.  It  would  be  very  unwise  to  pass  lightly  over  any 
point  that  can  be  discussed  to  advantage.  If  there  is  no  discus- 
sion on  the  historical  part  of  this  report,  suppose  we  pass  to  the 
subject,  "A  Modern  Specification  for  Construction  of  Roadway." 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — It  seems  to  me  we 
can  pain  time  in  the  discussions  this  morning  if  we  first  receive 
an  opinion  from  the  members  on  the  question  of  whether  our 
discussion  is  to  tend  toward  an  ultimate  adoption  of  these  speci- 
fications as  presented,  or  as  may    be  amended,  or  whether  the 
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object  of  the  discussion  is  simply  to  bring  out  opinions  on  the 
several  paragraphs,  with  the  idea  that  we  shall  receive  the  report 
of  the  Committee  as  information,  and  that  later,  at  a  subsequent 
convention  possibly,  the  Committee  may  bring  in  a  revised  speci- 
fication for  adoption  at  such  subsequent  convention.  If  we  have 
some  discussion  and  settle  this  general  question,  then  we  will 
know  how  to  proceed.  If  the  specification  is  to  be  adopted 
eventually  at  this  meeting  and  promulgated  as  a  standard 
specification  of  the  Association,  as  having  received  its  adoption, 
then  we  want  to  be  particular  to  take  up  practically  each  clause 
and  vote  on  it  separately.  On  the  other  hand,  if  we  are  not  tO' 
adopt  the  specification  at  this  convention ;  if  .we  are  simply  going 
to  assist  in  getting  information  and  lending  our  thoughts  to  the 
Committee,  and  they  will  then  take  the  matter  up  for  another 
year  and  eventually  bring  in  a  revised  specification  in  which 
they  shall  have  embodied,  to  the  best  of  their  ability,  whatever 
thoughts  of  value  may  have  been  brought  out  at  this  meeting, 
and  also  a  number  of  changes  suggested  in  the  discussion  by 
Mr.  Hunter  McDonald,  then  I  think  we  will  know  better  how 
to  guide  ourselves  in  the  discussion. 

The  President: — The  object  of  this  Association  is  to  make 
its  recommendations  and  put  its  stamp  of  approval  upon  con- 
clusions which  have  been  reached  by  its  Committees ;  but  I  agree 
with  Mr.  Berg,  we  should  be  very  careful  upon  what  we  put  our 
stamp  of  approval.  We  do  not  expect  the  Committee  to  bring 
in  a  report  which  shall  never  be  changed.  We  all  know  that  in 
the  march  of  progress  many  things  which  are  stamped  as  good 
practice  to-day  may  have  to  be  modified  to-morrow.  The  reports, 
while  approved  at  this  time,  are  always  tO'  be  considered  as  sub- 
ject to  amendment  and  modification  in  the  future.  What  we  want 
to  do  is  to  approve  certain  conclusions,  with  the  view  of  making 
them  standard,  and  to  send  them  out  with  the  indorsement  of  this 
Association  as  the  rules  of  good  practice.  In  order  to  do  that, 
we  must  discuss  them  in  all  their  phases. 

Mr.  McNab: — The  main  object  of  this  report,  and  the  speci- 
fication in  particular,  is  to  lay  a  foundation  for  the  Association, 
in  order  that  the  discussion  arising  therefrom  may  prove  to  the 
ultimate  good,  in  a  greater  or  less  degree,  of  every  railway  on 
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this  continent.  It  would  be  well,  therefore,  if  each  clause  be 
taken  up  individually,  not  necessarily  to  be  adopted  at  this  meet- 
ing, but,  if  considered  wise,  left  over  for  further  consideration 
and  action  at  the  next  meeting. 

The  P*resident : — This  Association  must  settle  some  matters, 
make  some  recommendations  at  each  meeting.  It  is  not  at  all 
essential  that  every  clause  of  this  report  shall  be  approved  and 
adopted  at  this  time ;  but  to  make  progress  and.  get  our  work 
before  the  general  public  we  must  take  some  definite  action, 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines)  : — I  think  Mr.  Mc- 
Nab's  remarks  put  the  matter  before  us  as  it  should  be  taken  up. 
The  Committee  has  presented  at  the  end  of  its  report  five  con- 
clusions, and  the  fifth  conclusion  substantially  recommends  the 
adoption  of  the  whole  specification  as  outlined  in  the  report.  The 
only  way  to  discuss  that  conclusion  is  to  read  the  whole  specifica- 
tion. I  do  not  think  that  simply  declaring  the  matter  open  for 
discussion  will  fill  the  requirements ;  such  a  discussion  would  be 
very  much  mixed  up,  and  we  might  take  one  paragraph  from  the 
beginning  of  the  report,  another  toward  the  end,  another  in  the 
middle  of  the  report,  and  such  a  method  will  not  enable  us  to 
accomplish  the  real  object  of  the  meeting.  I  think  if  these  reports 
are  to  be  of  any  value,  they  should  be  discussed  here  and 
amended  as  necessary,  and  the  only  way  in  which  that  can  be 
done  satisfactorily  is  to  read  the  vital  parts  of  the  report,  and 
have  each  clause  discussed  as  it  is  taken  up. 

The  President': — Mr.  Cushing's  suggestion  is  a  good  one. 
We  will  take  up  the  conclusions  as  recommended.  I  ask  that 
conclusion  No.  i  be  acted  upon.  What  will  the  Association  do 
with  conclusion  No.  i  ? 

Mr.  Gushing : — I  move  that  conclusion  No.  i  be  adopted. 

The  President : — Is  there  any  discussion  ? 

Mr.  H.  G.  Kelley  (Minneapolis  &  St.  Louis)  :— I  think  all 
of  the  members  interested  in  large  construction  work  at  various 
times  have  experienced  great  difficulty  because  of  not  having 
what  is  here  termed  "similarity  in  form  of  specifications."  The 
practice  and  terms  in  different  parts  of  the  country  are  dififerent. 
and  it  is  frequently  the  case  that  a  misunderstanding  will  arise 
between  a  contractor  and  an  engineer,  due  entirely  to  the  different 
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meanings  attached  to  different  terms.  I  think,  therefore,  that 
conclusion  No.  i  is  really  a  very  important  conclusion,  and  that 
if  this  Association  can  unite  in  a  form  of  specification  which  will 
be  applicable  to  the  various  classes  of  work,  it  will  have  made 
a  great  stride  for  unifying  our  practice. 

(Air.  Cushing's  motion  was  seconded  and  adopted.) 

The  President : — Conclusion  No.  2  is  before  you  for  adoption. 

Mr.  W.  S.  Dawley  (Chicago  &  Eastern  Illinois)  : — I  move 
the  adoption  of  conclusion  No.  2. 

Mr.  J.  G.  Sullivan  (Canadian  Pacific)  : — I  think  the  Com- 
mittee's suggestion  is  a  good  one,  but  they  could  go  a  little  further. 
Wt  know  that  in  a  mile  of  work  we  will  have  something  like  52 
squares,  but  I  am  very  much  surprised  if  we  do  not  get  some 
of  our  assistant  engineers  to  turn  in  5,280.  I  think  there  is  room 
for  confusion  in  the  term,  ''one  hundred  feet  square."  We  can 
remember,  when  we  were  children,  when  the  teacher  would  puzzle 
us  by  asking  us  the  difference  between  100  square  feet  and  100 
feet  square.  I  think  it  would  be  well  if  we  could  go  a  little 
further  and  put  in  the  number  of  square  feet  as  well.  This  point 
may  not  appeal  to  the  members  of  the  Association,  but  I  am  sure 
they  will  have  men  working  for  them  who  will  get  mixed  up,  and 
in  making  reports  it  will  lead  them  into  errors.  To  an  educated 
man  my  criticism  may  look  absurd,  but  I  venture  to  say  that 
you  will  find  men  who  will  make  such  mistakes  as  I  have  sug- 
gested. 

Air.  AIcNab : — It  might  look  so,  if  it  were  not  for  the  man- 
ner in  .which  it  is  expressed;  it  says,  "a  square  of  100  feet  square." 
If  it  were  simply  "100  feet  square,"  it  might  look  as  Air.  Sullivan 
suggests.    It  seems  to  me  it  is  quite  plain. 

Air.  C.  S.  Churchill  (Norfolk  &  Western)  :— I  will  ask  the 
Committee  what  is  their  argument  in  recommending  the  adoption 
of  the  square  as  a  basis  of  measurement  instead  of  the  acre  ?  It 
seems  to  me,  at  the  time  the  change  is  made,  the  result  will  be 
an  increase  in  price,  because  we  are  making  our  one  basis  of 
measurement  a  smaller  unit  than  that  heretofore  used.  The 
common  unit  of  measure  heretofore  has  been  the  acre.  I  think 
if,  therefore,  we  get  down  to  a  square,  we  will  probably  have  our 
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contractors  charging  us  a  little  more.  I  would  like  to  know 
what  the  argument  is.     Why  not  the  acre? 

Mr.  W.  F.  Tye  (Canadian  Pacific)  : — First  of  all,  it  is  a 
matter  of  convenience  in  calculation  ;  second,  the  acre,  especially 
for  grubl)ing.  is  entirely  too  large.  I  know,  on  work  of  which 
I  have  had  charge,  I  have  seen  places  where  an  acre  of  grubbing 
would  cost  the  contractor  a  thousand  dollars.  Xo  contractor  is 
going  to  put  in  such  a  price,  as  it  would  look  ridiculous  and  lead 
to  the  rejection  of  his  bid.  We  think  the  unit  should  be  reduced, 
so  that  the  price  for  grubbing  shall  cover  the  actual  cost,  and 
therefore  the  acre  is  too  large  a  unit. 

Mr.  H.  Rohwer  (Missouri-Pacific)  : — Tt  occurs  to  me.  when 
an  assistant  engineer  goes  out  on  the  field  to  measure  the  acreage 
of  clearing,  that  the  contractor  will  demand  of  him  that  he  count 
in  every  tree.  If  the  trees  are  scattered,  and  there  may  be  more 
than  one  in  one  acre,  he  will  call  for  the  clearing  of  the  whole  acre 
for  that  one  tree.  I  believe  the  point  is  well  taken  that  we  reduce 
the  unit  to  loo  or  200  feet  square.  Then  it  would  be  optional 
with  the  engineer  in  charge  of  the  piece  of  work  to  define  the 
exact  acreage  after  measuring  it.  by  this  unit,  and  there  will 
be  no  dispute  between  the  contractor  and  the  railroad. 

Mr.  Berg: — The  point  raised  by  Air.  Rohwer  as  to  separate, 
individual,  isolated  trees  is  covered  by  paragraph  14  of  the 
specifications,  which  prescribe,  in  case  of  isolated  trees,  the  area 
shall  be  that  covered  by  the  overhanging  branches.  That  para- 
graph is  evidently  put  in  to  cover  the  very  point  Mr.  Rohwer 
mentions,  and  that  I  have  had  also  in  my  practice  with  an  isolated 
tree,  that  it  will  give  the  contractor  a  plea  for  clearing  or  grub- 
bing one  acre.    I  think  that  covers  the  point  Air.  Rohwer  made. 

Air.  Rohwer : — I  believe  it  would  be  well  to  state  the  unit 
very  distinctly,  and  why  not  say  100  feet  square?  If  we  do 
decide  on  a  unit,  that  unit  should  be  very  distinct. 

Air.  oawley: — I  have  recently  adopted  100  square  feet  for 
grubbing.  It  seems  to  me  that  is  large  enough ;  that  would  cover 
the  single  stump. 

Air.  Sullivan : — The  suggestion  of  the  last  speaker  brings  up 
another  point.  Our  unit  of  length  is  usually  100  feet;  therefore, 
by  making  100  square  feet  the  unit   for  grubbing,  the  average 
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width  in  feet  grubbed  in  a  station  gives  us,  at  once,  the  number 
of  units.  It  seems  to  me  Mr.  Tye's  argument,  that  an  acre  is 
certainly  too  large  for  grubbing,  is  correct.  That  has  been  my 
experience — too  large  a  unit.  Wherever  that  unit  has  been  used 
where  I  have  been  working,  the  contractor  has  never  been  paid 
actually  what  it  cost  him  to  do  the  work.  I  think  that  10,000 
square  feet  is  still  a  large  unit.  I  think  that  the  other  unit  of  100 
square  feet  is  rather  small,  and  our  grubbing  might  cost  us  too 
much. 

Mr.  H.  J.  Slifer  (Chicago,  Rock  Island  &  Pacific)  :— It 
seems  to  me,  for  an  association  of  this  character,  that  we  are 
going  into  fine  details  in  the  discussion  of  what  shall  be  the 
unit  of  measurement.  I  believe  it  is  accorded  that  the  ordinary 
young  engineer  is  familiar  with  the  difference  between  100  square 
feet  and  100  feet  square,  and  I  do  not  think  that  any  discussion 
on  that  particular  point  is  necessary.  The  language  of  paragraph 
13,  with  reference  to  the  matter  of  measurements  for  clearing, 
and  paragraph  18,  with  reference  to  the  measurements  for  grub- 
bing, is  so  plain  that  I  do  not  think  there  is  any  necessity  of 
changing  the  phraseology  of  this  second  conclusion. 

Mr.  Kelley : — I  think  Mr.  Slifer's  remarks  are  well  timed  in 
regard  to  this  matter.  By  referring  to  pages  16  and  17  of  the 
report,  you  will  see  the  actual  intent  of  conclusion  No.  2  is  very 
clearly  expressed,  and  expressed  in  such  a  way  that  any  man 
competent  to  fill  the  position  of  an  assistant  or  resident  engineer 
on  construction  certainly  could  not  fail  to  construe  this  correctly. 
Now,  as  to  cutting  the  unit  for  measurement  of  grubbing  down 
to  10  square  feet,  or  even  to  100  square  feet  (10  feet  square),  it 
would  not  reach  the  trees  of  British  Columbia,  or  of  Washington, 
where  you  have  to  grub  sometimes  20  or  30  feet  on  the  side ;  and 
it  does  seem  to  me  that  conclusion  No.  2  is  right,  and  that  we  are 
merely  multiplying  units  to  endeavor  to  divide  up  the  clearing 
and  grubbing  unit  on  a  separate  basis  of  payment  and  estimate. 

Mr.  Churchill: — I  notice  that  a  number  of  the  gentlemen 
have  gotten  mixed  as  between  10  feet  square  and  100  square  feet. 
We  must  bear  in  mind  that  these  specifications  must  be  read  by 
two  sets  of  people,  and  be  gaged  by  two  sets  of  people — the  con- 
tractors and  the  engineers.    We  must  make  them  as  plain  to  the 
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contractor  as  to  our  engineers.  W'c  all  know  ver\  well  some 
contractors  are  not  so  quick  at  comprehending-  these  small  details, 
and  I  think  the  least  we  should  do  would  be  to  add  the  words 
"ecjual  to  10,000  s(|uare  feet." 

Mr.  C".  1\  W.  Felt  (Gulf,  Colorado  &  Santa  Fe)  : — It  seems 
to  me  it  would  be  better  to  define  it  as  so  man\-  square  feet, 
leaving  out  entirely  the  method  by  which  it  is  to  be  measured.  By 
analogy  we  say  a  square  \ard  is  nine  s(|uare  f^'et.  We  do  not 
say  it  is  three  feet  square. 

Mr.  Churchill : — I  think  the  suggestion  made  by  Mr.  Felt 
is  a  good  one — that  we  say  simply  the  unit  of  measurement  shall 
be  10,000  square  feet.    I  will  make  that  as  an  amendment. 

The  President : — It  is  moved  and  seconded  that  conclusion 
No.  2  be  modified  to  read,  '"The  unit  for  measurement  of  clearing 
and  grubbing  to  be  10,000  square  feet." 

Mr.  McXab: — One  of  the  ideas  the  Committee  had  in  ex- 
pressing it  as  in  the  specification  was  to  give  the  contractor  a 
better  idea  what  the  measurement  means.  If  you  say  simply 
"10.000  square  feet,"  some  contractors  of  the  caliber  Mr. 
Churchill  was  referring  to  would  have  to  perform  a  little  calcu- 
lation to  know  what  that  meant,  whereas  if  you  tell  them  it  is  a 
square  of  loO  feet  square,  they,  knowing  the  ordinarv  width  of 
the  right  of  way,  can  easily  formulate  in  their  mind  the  quantity 
referred  to,  and  that  is  what  the  Committee  had  in  view. 

Mr.  Cushing: — The  unit  of  100  square  feet  is  a  recognized 
unit  now,  and  the  contractors  are  entirely  familiar  with  that.  Our 
unit  should  be  as  nearly  as  possible  in  accordance  with  our  past 
practice.  It  seems  to  me  the  decimal  system  is  very  desirable,  and 
I  do  not  see  what  fault  anyone  can  find  with  it.  It  is  not  subject 
to  any  discrimination  whatever.  It  is  as  precise  and  exact  as  any 
mathematical  rule  or  formula,  and  it  seems  to  me  it  is  very  good, 
and  I  hope  the  Association  will  leave  it  as  it  is. 

Prof.  W.  D.  Pence  (Purdue  University)  : — What  would  be 
the  objection  to  adding  these  words,  if  you  wish  to  be  absolutely 
certain  as  to  the  meaning,  "that  is.  10,000  feet?"  I  would  move 
that  that  addition  be  made  to  the  amendment. 

^Ir.  E.  E.  R.  Tratman  (Engineering  News)  : — These  speci- 
fications are  to  be  used  by  contractors  as  well  as  engineers,  and 
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some  of  the  former,  altliough  intelligent,  are  not,  perhaps,  ready 
at  figures.  I  think  Mr.  Churchill's  first  amendment  was  the  best 
one.  I  may  be  prejudiced  because  he  took  the  word  out  of  my 
mouth,  as  I  was  going  to  propose  a  similar  one.  If  we  say, 
"Unit  of  measurement  to  be  loo  feet  square,"  and  put  in  par- 
entheses ("equal  to  10,000  square  feet")  it  would  make  the  matter 
clear  and  would  not  hurt  anybody's  intelligence. 

Mr.  Slifer : — I  would  like  to  ask  some  of  the  gentlemen  who 
are  advocating  this,  how  many  of  these  ignorant  subcontractors 
they  are  referring  to  know  what  an  acre  is  ? 

Mr.  Tratman ; — If  the  Committee  had  recommended  an  acre 
I  think  it  would  be  well  to  specify  how  many  square  feet  are 
intended. 

Mr.  M.  L.  Byers  (Baltimore  &  Ohio)  :— The  point  last 
brought  up,  I  think,  covers  the  whole  matter.  In  speaking  of 
the  acre,  we  think  of  it  as  so  many  square  feet;  we  do  not  think 
of  it  as  being  so  many  feet  square.  We  have  two  points  apparently 
at  issue ;  one  is  that  we  want  to  get  theoretical  correctness  in  our 
recommendation.  That  is,  we  must  give  the  number  of  square 
feet  in  our  unit.  Another  thing  is  that  we  must  give  the  con- 
tractor some  idea  what  that  unit  is ;  that  is,  we  must  say  that  our 
unit  is  equal  to  a  square  100  feet  to  the  side.  It  occurs  to  me  we 
can  agree,  if  we  will  change  this  matter  around ;  if  we  will  say  our 
unit  is  a  square  of  10,000  square  feet.  I  will  amend  this  clause  to 
read  that  the  unit  is  a  square  of  10,000  square  feet,  equaling  a 
square  of  100  feet  to  the  side.  I  think  that  that  will  be  perfectly 
clear  and  will  be  accurate. 

Mr.  Slifer: — The  Committee  had  in  mind  that  the  informa- 
tion was  to  be  given  to  the  subcontractors  when  they  used  this 
language.  The  subconstractor  goes  out  on  a  piece  of  work  and 
finds  the  engineer's  stakes.  The  ordinary  right  of  way  is  100 
feet  wide,  as  a  rule.  He  is  going  through  a  piece  of  ground  that 
needs  clearing  or  grubbing.  He  knows  from  this  stake  to  that 
stake  is  a  station;  that  it  is  100  feet  long  and  100  feet  wide,  and 
is  therefore  a  unit  of  clearing  and  a  unit  of  grubbing. 

The  President : — Any  further  discussion  on  the  amendment  ? 
The  motion,  then,  is  to  amend  conclusion  No.  2  so  that  it  will 
read :  "The  unit  of  measurement  for  clearing  and  grubbing  to 
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be  the  square  of  loo  feet  square,  that  is,  10,000  square  feet." 
Those  in  favor  of  the  amendment  will  signify  by  saying  aye, 
contrary  no.     The  amendment  is  lost. 

The  question  comes  back  to  adopting  the  conclusion  as  rec- 
ommended by  the  Committee.  Those  in  favor  of  adopting  the 
conclusion  as  printed  will  signify  by  saying  a}"e ;  contrary,  no. 

(The  motion  was  carried.) 

The  President : — Conclusion  No.  3  is  before  the  Association : 
"A  three-fold  classification  of  materials,  solid  rock,  loose  rock 
and  common  excavation,  as  described  in  the  foregoing  specifica- 
tions." 

Mr.  Berg : — I  think  the  first  question  to  be  settled  is  whether 
three  classes  of  material  ought  to  be  the  standard  classification, 
or  four  classes.  On  many  roads  there  are  still  four  classes — solid 
rock,  loose  rock,  hardpan  and  earth,  or  as  they  may  be  specified. 
I  think  that  is  the  first  question  to  eliminate.  I  will  say,  person- 
ally, I  am  in  favor  of  three  classes.  I  think,  however,  it  will  be 
desirable  to  get  an  expression,  whether  we  desire  to  indorse  the 
three-classification  method  or  whether  it  is  the  view  of  those 
here  that  we  should  be  in  favor  of  four  classes.  I  presume  the 
discussion  will  turn  largely  on  the  question  of  the  names  and  the 
definitions  of  the  various  classes.  The  Committee  recommend 
solid  rock,  loose  rock  and  common  excavation,  as  described  and 
defined  in  their  report.  We  have  a  discussion  by  IMr.  Hunter 
McDonald,  which  I  presume  is  before  the  meeting,  in  which 
there  are  some  radical  changes  suggested,  and  the  names  are 
placed  for  the  three  classes  as  "hard,  medium  and  soft."  Now, 
before  we  get  into  the  discussion  of  the  names  and  definitions,  I 
think  it  would  be  desirable  to  establish,  by  discussion  or 
vote,  whether  the  three  classes  are  preferable  to  four  classes, 
and  therefore  I  make  a  motion  to  that  efifect,  that  it  is  desirable 
to  have  four  classes  of  material  in  place  of  three.  I  believe  that 
brings  the  matter  before  the  house. 

The  President : — Is  there  a  second  to  Mr.  Berg's  amend- 
ment, that  there  be  four  classes  of  materials  instead  of  three? 
I  might  say  that  the  printed  discussion  of  ]Mr.  McDonald  must 
be  considered  as  beings  before  the  Association.* 


♦See  pp.  110,  118. 
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Mr.  Tratman : — I  second  the  motion. 

The  President : — It  is  moved  and  seconded  that  conclusion 
No.  3  be  amended  to  read,  "A  four-fold  classification  of  ma- 
terial."   The  question  is  before  you  for  discussion. 

Mr.  G.  A.  Mountain  (Canada  Atlantic)  : — Personally  I 
favor  the  three  classifications,  but  it  is  very  difficult,  in  my  experi- 
■ence,  to  omit  a  fourth  class,  such  as  hardpan,  cemented  material, 
etc.  It  might  be  taken  into  consideration  that  the  contractor 
bidding  on  the  work  in  which  there  were  only  three  classes  would 
put  a  high  price  on  the  third ;  that  is,  in  excavation ;  and  if  hard- 
pan,  cemented  material,  were  not  discovered  in  the  excavation, 
the  company  would  be  a  good  deal  out.  I  would  like  to  hear  the 
views  of  the  Committee  on  that  question. 

Mr.  McNab : — This  classification  was  designed  to  simplify 
matters.  Of  course,  if  the  several  grades  or  classes  of  material 
were  distinctly  defined  on  the  ground,  the  work  of  classification 
would  be  very  simple ;  but  generally  one  grade  is  so  blended  into 
another,  that  it  is  difficult  to  tell  where  one  class  begins  and  an- 
other ends,  and  it  was  to  afiford  the  simplest  method,  and  the 
one  which  in  the  end  would  be  most  satisfactory  to  both  parties, 
that  the  Committee  had  in  view  in  this  three-fold  classification. 
The  experience  of  many  engineers  who  have  had  charge  of  large 
works  with  an  elaborate  classification  is  convincing  as  to  what 
5uch  detail  will  lead  to.  Dissensions  with  the  contractor  and 
litigation  is  the  general  result,  and  if  we  can  help  to  minimize 
this  by  narrowing  down  the  limits  of  what  we  should  consider, 
we  will  accomplish  a  great  deal. 

Mr.  Berg: — I  agree  with  the  previous  remarks  of  ]\Ir.  ^Sloun- 
tain.  I  think  every  engineer  is  fortunate  who  starts  in  on  a  con- 
tract with  only  three  classes  of  material.  Before  the  job  is  done, 
however,  he  is  often  a  subject  of  pity.  If  hardpan  and  cemented 
material  develop,  there  is  found  to  be  more  or  less  dispute  and 
fight  with  the  contractor  on  the  subject.  It  is  quite  a  serious 
question  whether  to  recognize  those  conditions  at  the  start,  that 
there  are  four  classes  of  material,  and  that  there  is  an  interme- 
diate class  between  earth  and  loose  rock,  or  whether  to  leave  it 
for  subsequent  adjustment,  and  the  customary  method  of  partial 
classification,  such  as  dividing  the  material  up.  half  earth,  half 
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loose  rock,  and  so  on.  T  think  the  first  question  to  consider  is 
the  nimiber  of  classes,  independent  of  the  nomenclature  and  the 
definition.  There  is  another  point,  also,  for  consideration  in 
connection  with  the  number  of  classes,  and  that  is,  that  a  number 
of  railroads  in  this  country  folfow  the  European  methods  largely, 
such  a^  on  the  Pennsylvania  Railroad,  where  there  is  no  classifica- 
tion whatever;  in  other  words,  one  class  of  material.  By  pro- 
viding three  classes,  we  are  turning  down  the  practice  of  only 
one  class  in  the  specifications,  and  the  four  classes  also.  I 
think,  therefore,  the  number  of  classes  is  a  good  subject  for  dis- 
cussion. 

Air.  Sullivan  : — I  think  that  Mr.  McNab  hit  the  nail  on  the 
head  when  he  said  it  satisfies  the  two  parties,  and  we  will  get 
along  better  with  only  the  three  classifications.  1  am  afraid  he 
left  out  another  party.  I  take  it  the  two  parties  he  referred  to 
were  the  contractors  and  engineers.  I  think  there  is  a  third 
class — the  people  who  have  the  money,  and  I  think  we.  as  en- 
gineers, should  look  after  their  interests  as  well  as  making  an 
easy  time  for  ourselves.  If  you  have  the  three  classifications,  or 
practically  two  classifications — rock  and  earth — what  are  you 
going  to  do  with  the  boulder,  gravel  and  the  cemented  gravel? 
You  say  you  class  it  as  earth.  If  you  do,  you  will  pay  for  all 
the  material  you  move  outside  of  rock  nearly  the  price  you  have 
to  pay  for  cemented  gravel.  That  has  been  my  experience.  The 
cheajjest  work  I  ever  saw  done  was  on  a  road  where  they  had 
six  or  seven  class-ifications,  a  road  lOO  miles  long.  Personally  I 
would  rather  have  one  classification,  as  the  gentleman  from  the 
Lehigh  X'alley  suggests.  If  we  can  not  have  that,  then,  per- 
sonally. T  would  like  the  three  classifications,  or  two,  as  it  is.  rock 
and  earth  ;  but  for  the  interests  of  the  company,  and  for  the  in- 
terests of  the  railroad  people,  the  people  who  are  paying  us  our 
salaries,  I  do  not  see  how  anyone  can  put  up  an  argument  that 
will  show  it  is  to  their  advantage  that  we  do  not  have  a  cemented^ 
classification.  I  know  of  cases  where  loose  material  was  handled 
for  an  average  of  23  cents,  or  something  like  that,  while  others  in 
the  same  country,  with  only  two  classifications,  were  paying  30 
cents.  I  would  like  to  hear  from  some  other  members  on  that, 
but  I  think  one  thing  we  should  bear  in  mind  is  that  there  are 
three  parties  to  these  transactions. 
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Mr.  McXab : — Mr.  Chairman,  three  parties  in  a  case  of  this 
kind?  The  engineer  and  the  company  which  employs  him  are 
practically  one  party.  The  engineer  has  got  his  company's  inter- 
ests at  heart,  and  the  company,  in  employing  an  engineer,  gen- 
erally employs  one  it  has  absolute  confidence  in,  to  look  after  its 
interests. 

Mr.  Felt : — In  my  experience  and  work  that  we  have  been 
doing,  I  have  come  to  the  conclusion  that  specifications  that  de- 
scribe the  W'Ork  that  w'e  have  to  do  the  more  closely  are  the  better. 
In  Texas  we  have  a  class  of  material  that  perhaps  in  the  North 
you  do  not  have,  and  that  is  wet  gumbo.  I  have  had  contractors 
tell  me  that  that  cost  them  more  than  loose  rock,  and  we  have  been 
obliged  to  recompense  them  by  allowing  a  classification  of  loose 
rock.  On  the  face  of  it,  that  looks  wrong,  and  shows  one  of  the 
complications  we  have  to  meet.  The  State  Engineer  of  the  Rail- 
road Commission  refused  to  allow  a  classification  of  that  kind, 
because,  he  said,  there  was  not  any  loose  rock  in  the  cut  (that  was 
on  a  bond  issue),  and  it  seems  to  me  that  that  classification  ought 
to  be  covered  in  some  way  better  than  by  simply 
allowing  a  certain  percentage  on  loose  rock.  I  think  the  general 
idea  that  was  presented  by  the  gentleman  who  spoke  of  the  six 
or  seven  classifications  is  really  the  correct  one.  While  it  leads 
to  complications  in  some  ways,  yet  I  think  in  the  end  it  is  really 
the  better,  and  one  phase  of  it,  which  perhaps  some  do  not  think 
of,  is  this,  that  w^here  a  large  contract  is  let,  you  have  the  general 
contractor  to  deal  with  first,  but  later  on  comes  the  subcontractor, 
who  simply  takes  a  mile,  perhaps,  and  a  difference  in  miles  may 
vary  fully  50  per  cent.  I  know  of  some  work  we  have  recently 
handled,  where  part  of  it  could  have  been  handled  for  8  cents 
a  yard,  and  the  balance  would  probably  cost  26,  and  yet,  under 
our  specifications,  it  was  strictly  earth,  or  the  same  class  of  ma- 
terial. 

Mr.  Kelley : — In  considering  this  matter,  whether  it  be  for 
three  or  four  or  more  classifications,  I  think  if  we  will  divorce  our 
minds  from  specific  names,  that  we  will  more  clearly  and  surely 
arrive  at  conclusions,  and  in  Mr.  McDonald's  discussion  I  think 
he  has  reached  a  very  happy  conclusion.  The  specifications  are 
for  the  engineer,  and  he  is  confronted  with  the  term  "rock,"  and 
the  next  classification  below  it  "earth."     He  knows  that  cemented 
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gravel  is  not  rock,  but  he  also  knows  that  it  requires  as  much 
and  sometimes  more  work  occasionally  than  to  remove  rock. 
Now,  it  appears  to  me  that  the  classification  of  any  material  is 
dependent  upon  the  work  required  to  be  done  or  expended  upon 
it  to  remove,  rather  than  the  name  the  dictionaries  have  given 
that  particular  work.  Mr.  McDonald  proposes  that  we  divide 
into  "hard,"  "medium"  and  "soft"  excavation.  If  the  members 
turn  to  the  cHscussion  they  will  find  that  Mr,  McDonald  has 
set  forth  quite  clearly  what  he  means  by  each  class  of  material. 
Now,  1  would  ask  the  gentlemen,  what  does  your  classification 
for  cemented  gravel  or  cemented  material  cover,  and  whether 
the  proper  designation  for  the  cemented  material  could  not  be 
arrived  at  by  classifying  it  in  one  of  these  three  terms,  "hard," 
"medium"  or  "soft?"  Most  of  our  cemented  material  is  in  the 
classification  "medium,"  and  you  will  find  it  could  be  removed 
at  the  price  necessary  to  remove  the  material  under  that  classi- 
fication, and  instead  of  burdening  ourselves  with  a  number  of 
terms  difficult  for  the  assistant  engineer,  and  difficult  for  the 
chief  engineer  to  decide,  he  would  have  a  ready,  quick  and  certain 
method  of  classification  by  referring  to  one  of  the  classes  Mr. 
AJcDonald  has  recommended  in  his  paper.  I  confess  that  I  have 
not  taken  a  positive  stand  on  the  number  of  specifications.  Our 
specifications  call  for  three  classes,  solid  rock,  loose  rock  and 
earth.  In  my  own  experience  I  have  always  felt  that  that  was 
inadequate  to  meet  the  situation,  and  I  have  given  my  engineers 
instructions  to  classify  "cemented"  gravel,  or  other  hard  material, 
into  one  of  the  other  classes,  in  accordance  with  the  amount  of 
work  he  expended  upon  it.  I  believe  that  we  can  have  the  dis- 
cussion more  clear  if  the  members  will  all  read  these  three  articles. 

Mr.  Sullivan : — I  went  over  seven  miles  of  work  a  year  ago, 
and  put  in  preliminary  estimates  for  80  per  cent,  of  earth.  It 
turned  out  to  be  90  per  cent,  cemented  gravel,  and  genuine 
cemented  gravel. 

Mr.  Slifer : — I  think  it  has  been  the  experience  of  every 
person  that  classifications  provided  seldom  cover  all  the  material 
to  be  handled.  There  is  a  wide  latitude  in  this  question ;  like 
every  other  one,  there  are  two  extremes.  One  extreme  is  to 
adopt  the  classification  of  the  Pennsylvania  Railroad,  of  having 
one  single  class  for  everything.     The  other  is  to  describe  every 
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class  of  material  that  is  apt  to  be  handled.  There  seems  to  be 
one  feature  in  connection  with  this  question  that  has  not  been 
brought  out  in  the  discussion,  and  that  is  the  fact  that  it  is  good 
railroad  practice  to  require  your  contractor,  and  also  your  sub- 
contractor, to  go  over  a  piece  of  work  and  determine  for  himself, 
in  advance  of  his  bid,  the  classes  of  material.  He  can  do  that 
just  as  well  as  the  engineer.  It  was  the  object  of  the  Committee 
in  submitting  the  three  classes  to  reach  a  happy  medium.  I  was 
once  connected  with  the  construction  of  85  miles  of  railroad 
tlirough  the  woods.  We  opened  test  pits  in  the  cut,  and  deter- 
mined the  character  of  the  material,  our  contractor  doing  the 
same.  I  would  like  to  hear  from  the  gentleman  from  Texas,  who 
lias  the  wet  gumbo. 

Mr.  Felt : — I  should  like  to  have  that  taken  care  of,  gentle- 
men. 

The  President: — I  would  like  to  ask  Air.  Felt  if  'Sir.  McDon- 
ald's classification  would  not  take  care  of  it? 

Mr.  Felt : — Not  exactly ;  unless  that  was  changed  to  "hard," 
^'medium"  and  "wet" — perhaps  something  of  that  kind. 

Mr.  Tye : — This  report  is  a  report  of  the  Committee  as  a 
Avhole,  and  of  course  I  signed  it;  but  I  have  my  own  views.  I 
must  confess  they  are  in  favor  of  the  four-fold  classification,  for 
this  reason :  We  all  know  the  lines,  when  they  are  located,  are 
subject  to  change.  The  contractor  goes  over  his  work,  as  he 
should,  before  he  bids.  He  says,  "Well,  in  this  cut  there  is  so 
much  earth ;"  in  the  next  one,  "there  is  so  much  hard  material ;" 
in  the  next,  "so  much  soft,"  and  he  averages  up  the  price,  and 
if  that  line  remains  just  as  it  was  located,  then  the  three-fold  clas- 
sification would  be  all  right ;  but  supposing  the  line  was  changed ; 
suppose  the  chief  engineer  comes  along — the  chief  engineers  of 
the  big  systems  can  not  always  be  sure  of  going  over  the  road 
iDefore  it  is  located — and  says,  "I  do  not  like  your  location  at  all. 
I  want  it  thrown  ofif  here,"  or,  "I  want  something  else  done." 
Or,  for  certain  reasons  of  policy,  the  president  says,  "The  line 
must  be  changed."  This  is  after  the  bid  is  in  and  the  contract 
is  let.  Then  what  becomes  of  the  poor  contractor's  judgment? 
His  judgment  is  all  changed  by  the  engineer;  whereas,  if  you 
Tiave  the  four-fold  classification,  he  knows  what  it  is  going  to  cost 
him  to  remove  the  cemented  material  or  hardpan ;  he  knows  what 
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it  is  going  to  cost  him  to  remove  earth,  and  if  you  change  it  and 
increase  the  quantity  of  the  cemented  material,  it  is 
not  working  a  hardship  on  him.  If  you  increase  the 
quantity  of  earth,  and  decrease  the  c|uantity  of  ce- 
mented gravel,  that  is  not  working  a  hardship  on  him  at  all ; 
and  therefore  I  am  in  favor  of  the  four- fold  classification  on  new 
work.  But  there  is  also  a  great  amount  of  improvements  in  old 
lines  going  on.  In  such  cases  he  can  go  over  it  and  definitely 
determine  what  the  ([uantities  of  the  dififerent  materials  are, 
hecause  the  cuts  are  all  open  and  the  work  can  be  seen  niuch  more 
closely  than  new  work,  and  therefore,  in  such  cases,  the  three-fold 
answers  very  well,  and  it  seems  to  me  we  might  leave  it  three-fold 
classification,  and  leave  it  optional  with  the  chief  engineer  in  a 
particular  case  to  make  it  four- fold  if  he  wishes.  This  Committee 
can  not  possibly  get  up  a  specification  to  govern  all  cases.  It  's 
impossible  to  do  it,  and  if  they  found  there  is  a  lot  of  this  wet 
gumbo— it  prevails  in  the  North  as  well  as  in  the  South — the 
chief  engineer  could  make  a  classification  to  cover  the  same.  In 
the  new  specifications  I  am  getting  up,  that  is  the  way  I  propose 
to  handle  it.  I  propose  that,  as  a  rule,  three  classifications  shall 
govern,  but  in  special  cases,  where  there  is  a  great  amount  of 
hardpan,  or  cemented  gravel,  or  this  wet  gumbo,  then  we  will 
introduce  the  fourth.  That  does  not  get  rid  of  the  objection  to 
the  change  of  line,  and  where  there  is  liable  to  be  a  change  of  line 
established  on  new  work,  I  certainly  think  the  four  should  be  put 
in ;  but,  as  a  general  rule  for  all  the  railroads  of  the  countrv,  I 
think  three  would  do,  with  the  understanding  that  the  chief  en- 
gineer is  allowed  to  put  in  the  fourth  whenever  he  wishes. 

Mr.  Slifer: — I  would  like  to  ask  if  this  fourth  classification 
is  to  be  cemented  gravel  or  wet  gumbo? 

Mr.  Tye : — I  would  leave  that  to  each  particular  case.  I 
would  not  confine  it  to  any  case  at  all.  but  if  there  was  a  lot  of 
gumbo  in  the  country.  T  would  define  it  as  gumbo ;  if  there  was 
a  lot  of  cemented  gravel,  I  would  define  it  as  cemented  gravel, 
and  there  might  be  some  other  material  harder  to  move  than 
earth". 

Mr.  McNab: — It  is  possible  to  have  several  kinds  of  this 
rriaterial-^gumbo,  cemented  gravel,  and  so  on ;  so  one  class,  to 
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be  called  the  fourth  class,  would  not  designate  ever3^thing'.  Mr. 
Tye  spoke  just  now  as  if  these  four  classes  were  all  on  a  par. 
They  are  not  so,  and  I  do  not  think  that  meets  the  case. 

]\Ir.  Tye : — No ;  I  am  in  favor  of  leaving  three,  as  a  general 
rule;  but  if  there  are  four,  five  or  six,  introduce  them  in  special 
cases,  but  leave  the  three  for  a  general  standard. 

Prof.  ^A'.  D.  Taylor  (University  of  Wisconsin)  : — I  am  in 
favor  of  the  fourth  classification.  I  had  charge  of  the  construc- 
tion of  about  85  miles  of  very  heavy  work  in  East  Tennessee  last 
year,  and  there  was  a  kind  of  chert,  which  material  did  not 
require  blasting.  It  could  be  plowed,  but  it  could  not  be  plowed 
or  worked  at  the  same  price  that  the  bulk  of  the  other  material 
could.  I  found  the  same  thing  in  a  kind  of  blue  marl  in  the  black 
belt  of  Alabama,  which  underlay  the  black  soil  from  four  feet  to 
a  great  depth.  In  both  cases  we  had  a  classification  which  read 
something  like  this:  "Chert  (or  blue  marl  or  hardpan),  which 
can  not  be  plowed  with  a  team  of  four  strong  horses,  is  to  form  a 
fourth  classification  between  loose  rock  and  earth." 

Air.  Felt : — As  indicating  some  of  the  changes  Mr.  Tye  spoke 
of  in  the  purchase  of  a  small  roadway,  covering  60  miles  of  exten- 
sion of  road,  the  road  was  laid  out  on  a  one  per  cent,  grade,  and 
we  changed  it  to  six-tenths.  The  general  contractor  claimed  it 
changed  it  from  sand  to  gumbo,  and  you  can  see  the  predicament 
it  put  us  in. 

Air.  Slifer: — Mr.  Chairman,  I  see  Mr.  Gowen  here.  He  had 
some  connection  with  85  miles  of  railroad  on  classifications  simi- 
lar to  the  ones  I  referred  to. 

Mr.  B.  C.  Gowen  (Wisconsin  &  Michigan)  : — I  was  in 
charge  of  part  of  the  work  on  the  Northwestern,  referred 
to  by  Air.  Slifer,  on  which  the  three-class  specification  was  in 
force,  and  in  the  work  we  had  solid  rock,  loose  rock  and  earth, 
with,  I  believe,  some  cemented  gravel.  While  in  this  case  it  met 
all  requirements,  still,  from  past  experience,  I  think  there  ought' 
to  be  four  classifications,  and  I  can  not  see  how  we  can  very  well  ■ 
get  along  without  them. 

Air.  Berg: — I  ofifer  the  following  amendment  to  the  pre-^ 
vious  amendment,  as  a  compromise  to  be  voted  on.  The  amend- 
ment as  it  stands  is  that  a  four-fold  classification  is  to  be  adopted,' 
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leaving  the  question  of  nomenclature  and  definition  to  be  decided 
later.  I  now  offer  the  amendment,  that  in  place  of  a  four-fold 
classification,  a  three-fold  classification,  and  in  special  cases  such 
additional  classes  of  materials  as  may  seem  necessary,  such  addi- 
tional class  or  classes  to  be  distinctly  defined  and  specified  in  the 
contract.  As  it  is  simply  a  compromise,  I  do  not  think  there  is 
any  discussion  possible  on  that,  and  it  will  cover  the  points  raised 
in  the  previous  discussion  as  to  the  necessity  of  having  in  special 
cases  provision  made  for  special  classes  of  material. 

The  President : — The  motion  is  that  a  three-fold  classification 
prevail,  and  in  special  cases  such  additional  classes  of  material 
as  may  seem  necessary,  such  additional  class  or  classes  to  be 
distinctl}'  defined  and  specified  in  the  contract. 

Mr.  McNab: — The  Committee  will  accept  that  amendment. 

The  President : — The  report  of  the  Committee  will  then  sub- 
stitute the  suggestion  of  Mr.  Berg  for  the  first  part  of  conclusion 
No.  3.  Now,  the  remaining  part  of  conclusion  3  remains  to  be 
discussed,  unless  someone  wants  still  to  amend  the  Committee's 
report.  If  no  one  wishes  to  amend  that  part  of  the  report,  we  will 
advance  to  the  names  of  the  classifications.  The  Committee  have 
reported  "soMd  rock,"  "loose  rock"  and  "common  excavation." 

Mr.  Berg : — I  believe  we  can  keep  this  discussion  going  in 
the  right  channel  if  we  now  take  up  first  the  question  of  the 
names ;  not  so  much  the  definition  of  what  constitutes  the  distinc- 
tion as  embodied  in  the  three  groups,  but  names  proper.  In  other 
words,  vote  on  the  question  of  whether  the  designation  of  the 
three  classes  shall  be  as  proposed  by  the  Committee — solid  rock, 
loose  rock  and  common  excavation — or  such  other  motion  as  may 
be  made  later.  We  have  before  us  also  the  discussion  of  Mr. 
McDonald,  in  which  the  suggestion  was  made  to  call  these  three 
classes  of  material,  in  place  of  solid  rock,  loose  rock  and  common 
excavation,  "hard,"  "medium"  and  "soft."  I  believe  if  we  will 
settle  the  names  first,  that  then  we  will  be  in  better  shape  to 
establish  what  definition  should  be  adopted  for  each  class.  I 
move  as  amendment  to  the  Committee  report,  that  we  substitute 
the  names  "hard,"  "medium"  and  "soft"  in  place  of  "solid  rock," 
"loose  rock"  and  "common  excavation." 

Mr.  Tye : — I  do  not  see  how  you  can  separate  the  terms  from 
the  definition.     For  instance,  Mr.  McDonald's  terms  may  be  all 
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right,  but  the  definitions  are  all  wrong,  I  think.  I  do  not  see 
that  his  names  can  be  adopted  with  proper  definitions,  and  espe- 
cially in  view  of  this  amendment  just  passed.  If  we  are  going 
to  adopt  "hard,"  "medium,"  and  "soft,"  how  are  we  going  to 
provide  for  the  other  special  classifications  ?  What  names  are 
we  going  to  adopt  for  these?  I  think  the  definitions  should  be 
taken  up  at  the  same  time  the  names  are. 

Mr.  Berg: — If  hard,  medium  and  soft  are  adopted  as  the 
terms  of  the  three  classifications,  then  any  special  definition  of 
any  special  additional  classes  that  may  be  adopted  in  special  cases 
will  stand  out  all  the  more  prominent  on  account  of  being  called 
by  some  names  such  as  "gumbo,"  "cemented  material,"  or  what- 
ever special  name  may  be  adopted.  I  think,  if  anything,  it  would 
assist  in  bringing  out  the  special  character  of  the  special  classes 
of  material  if  the  standard  terms  of  the  three  standard  classes 
are  defined  as  suggested  by  Mr.  McDonald — "hard,"  "medium" 
and  "soft." 

Mr.  Slifer:— Earlier  in  this  meeting  we  were  giving  consid- 
eration to  what  the  subcontractor  might  know.  Now,  any  sub- 
contractor knows  what  solid  rock,  loose  rock  and  earth  excava- 
tion are.  It  seems  to  me  that  there  is  no  need  to  change  the 
terms  in  common  use. 

The  President : — Is  there  any  further  discussion  on  the 
amendment  by  Mr.  Berg?  His  amendment  is  that  Mr,  McDon- 
ald's terms  of  "hard,"  "medium,"  and  "soft  excavation"  be  sub- 
stituted for  "solid  rock,"  "loose  rock,"  and  "common  excavation." 
If  there  is  no  further  discussion,  I  will  put  the  question, 

(The  motion  was  lost.) 

The  President : — The  question  is  on  the  nomenclature  of  the 
Committee. 

Mr,  Slifer : — To  bring  it  before  the  meeting,  I  move  its 
adoption, 

Mr.  Mountain : — It  is  understood  that  there  is  permission  to 
put  in  a  fourth  clause  for  dififerent  materials. 

The  President :— That  is  already  provided  for. 

Mr.  Felt : — I  should  like  to  know  where  "embankment" 
comes  in  under  that.  That  would  not  be  excavation,  strictly 
speaking. 
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Mr.  Tye: — We  have  provided  that  everything  be  measured 
in  excavation,  in  case  of  earth. 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)': — 
Do  I  understand  that  conchision  No.  3  is  now  before  us  for  final 
action  ? 

The  President : — No ;  the  question  is  on  the  passage  of  a 
certain  portion  of  conchision  No.  3,  naming  the  classifications  as 
soHd  rock,  loose  rock  and  common  excavation. 

Mr.  Slifer: — If  there  is  a  fourth  clause  adopted  by  the 
engineer,  he  can  name  it  as  he  pleases. 

]\Ir.  Berg: — I  think  the  idea  in  my  mind,  and  perhaps  in  the 
mind  of  a  good  many,  is  that  "earth"  is  the  most  commonly  used 
expression.  The  Committee,  in  adopting  the  term  "solid  rock" 
and  "loose  rock,"  and  in  emphasizing  it  here  in  discussion  as  the 
best  practice,  I  think  have  in  mind  that  they  wish  to  tie  up  to  the 
terms  customarily  used.  One  of  the  Committee  members  men- 
tioned a  moment  ago  that  every  contractor  knew  what  solid  rock 
and  loose  rock  was.  I  question  whether  they  would,  on  the  basis 
of  the  present  practice  and  the  practice  of  years,  know  what 
common  excavation  was,  unless  it  was  explained.  If  we  are 
going  to  tie  up  to  practice  on  these  things,  why  not  adopt  the 
well-known  term  "earth?"  There  is  as  much  of  an  objection  to 
calling  certain  classes  of  material  "earth"  on  account  of  their  not 
being  of  an  earthy  character  absolutely  as  there  is  in  calling  other 
classes  of  material  loose  rock,  when  we  know  it  is  not  necessarily 
loose  rock  as  the  term  would  be  popularly  taken  to  mean.  I 
make  an  amendment  that  the  terms  shall  read,  "solid  rock,"  "loose 
rock"  and  "earth,"  in  place  of  "solid  rock,"  "loose  rock"  and 
"common  excavation." 

Mr.  F.  H.  McGuigan  (Grand  Trunk)  : — It  seems  to  me  that 
we  are  wasting  a  great  deal  of  time  on  this  discussion,  as  I  do 
not  believe  it  will  make  any  difference  what  method  or  what  terms 
you  adopt  for  describing  the  classes  of  material  you  are  handling. 
I  doubt  if  there  are  five  men  in  this  room,  if  they  were  chief 
engineers  in  charge  of  building  a  large  line  of  railway,  who  would 
be  guided  by  the  action  of  this  Association.  They  would  adopt 
the  old  methods  of  describing  in  their  specifications  solid  rock, 
loose  rock  and  earth,  and  then  write  in  such  other  conditions  as 
they  might  find  it  necessary  to  make.     ^lost  of  the  larger  roads 
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have  regular  contractors  who  do  a  great  deal  of  their  heavy  work ; 
this  contractor  might  object  to  the  specification  as  drawn  by  the 
engineer,  and  would  say,  "I  can  not  undertake  to  do  your  work 
under  these  specifications,  but  if  you  will  insert  so  and  so,  we  will 
do  it  for  so  much  a  yard,"  and  I  believe  the  general  practice  will 
be  to  write  specifications  in  such  a  manner  as  to  get  the  work 
done  as  cheaply  and  quickly  as  possible ;  regardless  of  whether 
the  three-fold  or  four-fold  specification  is  adopted,  you  will  go  on 
writing  your  specifications  in  the  old  way.  Therefore  it  seems  to 
me  we  might  support  the  Committee's  report. 

The  President: — Mr.  Berg  has  brought  up  a  question,  if 
there  is  going  to  be  any  lengthy  argument  as  to  any  of  the  items 
named,  it  might  be  well  to  vote  upon  each  one  separately.  If 
"loose  rock"  and  "solid  rock"  are  acceptable  to  the  majority,  and 
"common  excavation"  is  not,  rather  than  have  the  vote  on  all 
three  lost,  we  might  have  a  vote  on  each  one. 

.  Mr.  McNab : — I  assume  that  the  terms  "solid  rock"  and 
"loose  rock"  will  be  accepted  by  the  majority  here,  and  that  if 
there  is  discussion,  it  will  be  upon  the  third  term — "common 
excavation."  Everything  else  besides  "solid  rock"  and  "loose 
rock"  can  be  "common  excavation,"  or  "uncommon  excavation," 
if  you  like  to  call  it  such,  but  not  necessarily  "earth,"  which  would 
embrace  boulders  to  a  certain  extent.  The  term  "common  exca- 
vation" seems  more  comprehensive  than  using  the  simple  term 
"earth,"  as  distinct  from  "solid  rock"  and  "loose  rock." 

The  President: — The  vote  will  be  taken  on  supporting  the 
nomenclature  of  the  Committee — "solid  rock,"  "loose  rock"  and 
"common  excavation." 

(The  question  was  carried.) 

The  President : — All  that  remains  of  conclusion  No.  3  is 
"as  described  in  the  foregoing  specifications."  We  have  pretty 
nearly  settled  that. 

Air.  AIcNab: — One  of  the  slight  modifications  I  referred  to 
at  the  opening  of  the  convention  I  will  now  read,  in  regard  to 
"solid  rock."  The  wording  in  the  report  is  as  follows :  "Solid 
rock  shall  comprise  rock  in  solid  beds  or  masses  in  its  original 
position,  and  boulders  or  detached  masses  of  rock  of  one  cubic 
yard  in  bulk  or  over,  which  in  the  judgment  of  the  engineer  may 
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b'=r  best  removed  by  blasting."  The  Committee  desires  to  change 
the  construction  of  this  sentence  and  put  the  middle  clause  at  the 
end,  and  it  will  read  as  follows :  "Solid  rock  shall  comprise  rock 
in  solid  beds  or  masses  in  its  original  position,  which,  in  the 
judgment  of  the  engineer,  may  be  best  removed  by  blasting,  and 
boulders  or  detached  rock,  measuring  one  cubic  yard  or  over" — 
it  is  the  same  idea,  but  expressed  more  concisely. 

The  President : — Are  there  any  other  changes  in  the  defini- 
tions of  those  descriptions? 

Mr.  McNab : — Yes;  something  similar  in  "loose  rock."  The 
definition,  as  amended  by  the  Committee,  will  read  as  follows : 
"Loose  rock  shall  comprise  all  detached  masses  of  rock,  or  stone 
of  more  than  one  cubic  foot  and  less  than  one  cubic  yard  in  bulk, 
and  all  other  rock  which,  in  the  judgment  of  the  engineer,  can 
be  properly  removed  by  pick  and  bar  and  without  blasting, 
although  blasting  may  be  resorted  to  on  favorable  occasions  in 
order  to  facilitate  the  work."    That  is  all. 

Mr.  Churchill : — I  will  make  the  motion  that  the  recommen- 
dation of  the  Committee  on  solid  rock  be  approved. 

(Motion  carried.) 

Mr.  Churchill : — As  to  loose  rock,  I  would  like  to  make  a 
modification.  "Loose  rock  shall  comprise  shale,  soapstone  and 
such  stratified  rock  or  cemented  material  which  can  be  properly 
removed  by  pick  and  bar,  etc." 

The  President : — I  will  read  the  modified  specifications  of 
the  Committee:  "Loose  rock  shall  comprise  all  detached  masses 
of  rock  or  stone  of  more  than  one  cubic  foot  and  less  than  one 
cubic  yard  in  bulk,  and  all  other  rock  wdiich,  in  the  judgment  of 
the  engineer,  can  be  properly  removed  by  pick  and  bar  without 
blasting,  although  blasting  may  be  resorted  to  on  favorable  occa- 
sions, in  order  to  facilitate  the  work."  Mr.  Churchill's  amend- 
ment is :  "Loose  rock  shall  comprise  shale,  soapstone  and  such 
stratified  rock  or  cemented  material  as  can  be  properly  removed 
by  pick  and  bar."  The  balance  of  the  paragraph  to  remain  as 
indicated  by  the  Committee. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — My  reason  for  sec- 
onding the  amendment  of  Mr.  Churchill  is  that  the  specification 
of  loose  rock  is  anomalous,  and  it  is  subject  to  two  very  distinct 
objections.     One  is,  that  when  an  engineer  is  compelled  to  go 
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before  a  court,  it  is  decidedly  disagreeable  to  him  to  have  to 
explain  to  the  court  why  he  has  been  calling  a  certain  material 
"rock"  or  "loose  rock,"  when  there  is  really  no  rock  about  it. 
Again,  it  is  a  question  that  very  often  comes  up  to  the  young 
engineer.  He  has  before  him  the  fact  that  the  contractor  is  hand- 
ling material  that  is  much  more  difficult  than  common  excavation, 
and  he  hardly  knows  how  to  classify  that  material ;  but  if  the 
Association  would  adopt  some  other  term  than  "loose  rock,"  at 
the  same  time  qualifying  that  term  by  a  description  of  all  the 
materials  ordinarily  included  under  that  classification,  I  think 
it  would  put  the  matter  in  better  shape. 

Mr.  Slifer : — I  do  not  grasp  the  idea  of  Mr.  Churchill's 
amendment.  The  only  thing  that  I  can  see  that  he  has  added  is 
the  question  of  cemented  gravel.  Am  I  not  correct  ?  The  Com- 
mittee has  already  spoken  of  all  stratified  rock,  which,  of  course, 
will  include  soapstone,  shale,  and  rock  of  that  character.  The 
only  question  is,  then,  shall  cemented  gravel  be  called  "loose 
rock?" 

Mr.  Churchill : — I  do  not  agree  with  that  at  all.  Stratified 
rock  covers  all  kinds  of  sandstone.  I  do  not  call  stratified  rock 
shale,  limiting  it  to  shale.  Shale  is  soft  material,  easily  handled 
compared  with  how  rock  in  place  can  be  handled,  and  shale  is  a 
term  self-evident  in  its  description,  just  as  soapstone  is;  whereas 
the  term  "stratified  rock"  includes  some  of  the  hardest  rock  you 
can  find. 

Mr.  Tye : — The  word  "stratified"  has  been  taken  out  of  our 
definition,  and  it  now  reads,-  "and  all  other  rock."  It  does  not 
say  whether  it  should  be  stratified  or  not,  and  that  would  take  in 
shale,  sandstone,  disintegrated  granite,  or  any  rock  at  all  which 
can  be  removed  with  pick  and  bar,  not  necessarily  stratified. 

Mr.  Churchill : — Well,  I  think  there  is  no  harm  in  having 
shales  and  soapstones  in  there,  as  describing  what  you  mean  by 
"other  rock  that  can  be  handled  with  pick  and  bar."  I  think  you 
must  define,  after  all,  the  difference  between  your  "loose  rock" 
and  your  "solid  rock."  Somebody  will  say  the  shale  should  be 
"solid  rock."  If  you  describe  it  specifically,  as  in  the  class  of 
"loose  rock,"  you  have  your  protection  not  only  for  yourself,  but 
for  your  contractor,  when  he  is  bidding  on  the  work,  and  I  think 
we  should  go  to  some  detail  in  these  definitions.     We  can  afford 
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to  make  them  so  plain  that  subcontractors,  and,  as  the  gentleman 
speaking  a  few  minutes  ago  stated,  the  courts  also,  should  know 
what  we  mean  by  these  general  terms  that  we  adopt  for  paying 
contractors. 

Mr.  Slifer : — It  was  the  intension  of  the  Committee  to  have 
their  definitions  comi^lete.  The  question  now  is,  if  we  adopt 
the  words  "sandstone"  and  "shale,"  does  that  cover  all  the  rock 
included?  When  it  comes  to  the  question  of  cemented  gravel 
being  classified  as  "loose  rock,"  there  is  oi)portunity  for  consider- 
able discussion. 

Mr.  Berg: — I  understand  that  the  advocates  of  the  inter- 
mediate class  of  classification  of  materials,  that  is.  the  necessity 
for  a  fourth  class,  largely  base  their  arguments  on  the  fact  that 
we  should  provide  for  cemented  material.  The  clause  as  it  now 
stands  provides  for  three  materials,  and  optional  for  any  addi- 
tional classes  of  material  in  special  cases,  so  as  to  allow  for 
gumbo,  cemented  material,  and  so  forth.  Now,  if  we  put 
cemented  gravel  under  "loose  rock,"  we  are  taking  away  one  of 
the  principal  reasons  made  for  having  the  option  to  adopt  a 
special  fourth  class,  namely,  to  cover  cemented  gravel. 

Mr.  Churchill : — My  experience  in  letting  contracts  has  been 
that,  even  if  you  have  a  fourth  clause  in  the  specification,  the 
price  of  the  loose  rock  and  the  hardpan  generally  goes  the  same — 
at  least  they  do  not  vary  much ;  and  I  am  in  favor  of  the  three 
classifications  wherever  they  can  possibly  be  adopted.  There  are 
sections  in  this  country,  as  has  been  brought  out,  where  the 
gumbo  occurs,  and  we  might  possibly  have  a  fourth  clause  in 
special  cases ;  but  it  has  always  been  my  practice  to  count 
cemented  gravel  as  loose  rock,  and  contractors  have  so  regarded 
it,  and  they  would  bid  on  the  work  with  that  idea.  If  you  had 
a  hardpan,  they  would  say  it  is  not  loose  rock,  nor  common  exca- 
vation, and  they  expect  hardpan  price.  We  gage  the  work  done 
by  the  contractor  and  the  class  of  material  very  largely  by  the 
amount  of  labor  expended  in  removing  the  material.  We  do  not 
employ  contractors  on  a  railroad  with  the  idea  of  skinning  them 
and  making  them  lose  money.  We  employ  them  to  do  work  for 
the  railroad  company  and  to  get  a  fair  revenue  from  their  labor. 
On  the  other  hand,  we  do  not  employ  them  to  make  a  big  bonus 
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out  of  the  railroad.  Therefore,  we  must  deal  with  contractors 
as  honest  men,  and  pay  them  what  the  work  is  worth;  and  my 
plan  has  been  to  watch  carefully  the  amount  of  labor  expended  in 
removing  material  by  keeping  a  strict  account  of  it,  and  judge 
concerning  these  matters  of  "loose  rock"  and  "hardpan"  by  the 
labor  expended  in  removing  that  material.  Therefore,  I  think 
the  distinction  as  to  "loose  rock""  must  be  carefully  and  elaborately 
drawn  out  so  as  to  show  the  various  classes  embraced  in  it,  and 
so  that  no  injustice  shall  be  done  either  the  contractor  or  the  com- 
pany. I  believe  that  no  mistake  will  be  made  by  including 
cemented  gravel  under  the  head  of  "loose  rock,"  because  it  is 
worth  that  price  to  handle  it. 

Mr.  Tye: — I  think  cemented  gravel  is  one  of  the  things  we 
should  bring  in  under  special  classifications.  If  you  put  it  in, 
you  have  difficulty  in  determining  what  is  or  what  is  not  cemented 
gravel.  If  there  is  a  little  of  it,  exclude  it  altogether;  if  there  is 
a  lot  of  it,  put  it  in  under  a  special  classification.  That  seems  to 
me  the  best  way  to  handle  it,  and  the  definition  as  it  is  is  correct, 
except,  as  Mr.  Churchill  says,  it  would  be  well  to  define  the 
different  kinds  of  soft  rock,  shale,  slate,  soapstone,  etc.  I  think 
it  would  be  well  to  put  in  these  terms,  but  I  would  object  to  put- 
ting in  the  cemented  gravel. 

The  President: — Shall  we  introduce  shale,  soapstone  and 
such  rock  as  can  properly  be  removed  by  pick  and  bar,  the  motion 
to  read,  "Loose  rock  shall  comprise  all  detached  masses  of  shale, 
soapstone,  and  such  rock  or  stone  of  more  than  one  cubic  foot 
and  less  than  one  cubic  yard  in  bulk,  and  all  other  rock  which, 
in  the  judgment  of  the  engineer,  can  be  properly  removed  with 
pick  and  bar,  without  blasting,  althought  blasting  may  be  resorted 
to  on  favorable  occasions  ?" 

Mr.  McNab : — Would  it  be  in  order  to  quote  the  amended 
clause  of  the  Committee  in  regard  to  that?  It  is  as  follows: 
"Loose  rock  shall  comprise  all  detached  masses  of  rock  or  stone 
of  more  than  one  cubic  foot  and  less  than  one  cubic  yard  in  bulk, 
and  all  other  rock  which,  in  the  judgment  of  the  engineer,  can  be 
properly  removed  by  pick  and  bar,  without  blasting,  although 
blasting  may,  on  favorable  occasions,  be  resorted  to  in  order  to 
facilitate  the  work."  The  only  change  is  that  where  in  the  Com- 
mittee's report  it  says,  "all  other  rock  which,  in  the  judgment  of 
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the  eng-inccr,  can  properly  be  removed,"  etc.,  Mr.  Churchill  pro- 
poses shall  be  added,  "shale,  soapstone  and  other  rock." 

(The  amendment  of  Mr.  Churchill  was  put  to  vote,  but  was 
not  carried.) 

The  President : — The  question  is  on  the  adoption  of  the 
recommendation  of  the  Committee.  Is  there  any  further  dis- 
cussion ? 

Mr.  Johnston : — Is  the  question  on  the  adoption  of  the  report 
of  the  Committee  as  a  whole? 

The  President: — No;  the  amendment  to  the  last  clause  has 
been  lost.  The  last  clause  has  not  been  accepted  as  proposed, 
and  the  question  now  is  on  the  report  of  the  Committee  describ- 
ing "loose  rock," 

Mr.  Berg: — Do  I  understand  that  the  report,  as  printed,  has 
been  changed  so  that  the  lower  limit  of  detached  masses  of  rock 
or  stone  is  one  cubic  foot? 

The  President : — More  than  one  cubic  foot,  and  less  than 
one  cubic  yard. 

Mr.  Berg: — Would  not  that  keep  an  inspector  busy  counting 
the  small  stones?  One  cubic  foot  is  a  very  small  stone.  Is  not 
the  original  definition,  three  cubic  feet,  better? 

Mr.  Felt : — I  move  that  the  report  of  the  Committee  be 
amended  so  it  shall  read,  "masses  of  rock  or  stone  of  more  than 
three  cubic  feet  and  less  than  one  cubic  yard." 

Mr.  Tye : — I  think  that  three  cubic  feet  is  entirely  too  large, 
and  that  one  cubic  foot  is  about  right.  One  cubic  foot  of  hard 
rock  will  weigh  in  the  neighborhood  of  150  pounds,  and  is  more 
than  one  man  can  conveniently  handle,  and  should  not  be  classed 
as  common  excavation,  to  be  paid  for  at  the  low  price.  One 
man  can  not  handle  such  a  rock  as  easily  as  so  much  sand  or 
gravel.  When  you  get  to  three  cubic  feet,  it  is  a  matter  of  500 
pounds,  and  two  men  can  not  handle  it  conveniently.  They  must 
provide  some  special  manner  of  handling,  and  you  should  have 
some  higher  price  for  such  work  than  that  given  for  common 
excavation. 

(The  amendment  changing  the  limit  from  one  cubic  foot  to 
three  cubic  feet  was  lost.) 

The  President: — Any  other  amendments  to  the  definition  of 
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""loose  rock?"  Will  someone  make  a  motion  that  the  definition 
of  "loose  rock"  be  accepted? 

Mr.  Slifer : — I  move  that  the  Committee's  definition  of  "loose 
rock"  be  accepted   as  modified. 

(The  motion  was  put  and  carried.) 

The  President : — What  action  will  the  Association  take  in 
regard  the  matter  of  "common  excavation?" 

Mr.  McNab : — On  account  of  the  fourth  classification,  which 
has  been  adopted,  it  will  be  necessary  to  add  a  rider  to  the  Com- 
mittee's definition  of  "common  excavation,"  which  will  read  as 
follows :  "Common  excavation  shall  comprise  all  other  materials 
of  whatever  nature  that  do  not  come  under  the  classification  of 
solid  rock,  or  loose  rock,  or  such  special  classification  as  shall 
be  established  before  the  award  of  contract."  The  addition  to  the 
definition  consists  in  the  words,  "or  such  special  classification  as 
shall  be  established  before  the  award  of  contract." 

The  President : — Is  there  a  motion  in  regard  to  this  matter  ? 

Mr.  Churchill : — I  move  that  the  definition  of  "common  exca- 
vation" be  adopted. 

(Motion  carried.) 

The  President: — Conclusion  No.  3,  in  its  amended  form,  as 
a  whole,  is  before  the  Association  for  action. 

Mr.  Berg : — With  your  permission  I  will  read  conclusion  No. 
3  as  I  understand  it  should  be :  "A  three-fold  classification  of 
materials,  solid  rock,  loose  rock  and  common  excavation,  as 
described  in  the  foregoing  specifications,  and  in  special  cases  such 
additional  class  of  materials  as  may  seem  necessary,  such  class 
to  be  distinctly  defined  and  specified  in  the  contract." 

Mr.  Johnston : — It  seems  to  be  the  desire  of  many  gentlemen 
t''!  have  an  elastic  expression  of  opinion  in  the  form  of  conclusion 
No.  3.  The  expression  just  made  by  Mr.  Berg  is  in  line  with 
that  idea,  but  it  occurred  to  me  that  if  we  were  going  to  depart 
from  the  expression  of  the  Committee,  and  going  away  from 
"solid  rock,"  "loose  rock,"  and  "common  excavation,"  and  open 
wide  the  doors  and  allow  an  application  of  conclusion  No.  3 
which  any  gentleman  might  choose  to  make,  we  had  better  be 
more  logical,  and  while  sticking  closely,  which  we  should  do,  to 
the  definition  of  what  constitutes  "loose  rock,"  "solid. rock,"  and 
"common   excavation,"    to    so    frame  conclusion   No.  3  that  the 
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engineer  can  make  such  specifications  as  are  required  by  the  con- 
ditions of  his  work,  and  at  the  same  time  have  due  respect  to  the 
specifications  of  the  Committee  as  far  as  clause  3  is  concerned. 
I  therefore  offer  the  following-  amendment :  "The  classification  of 
material  shall  be  such  as  may' be  deemed  expedient,  having  in 
view  the  foregoing  specifications." 

Mr.  Berg: — I  take  it  the  motion  means  that  the  specifications, 
as  proposed  by  the  Committee,  and  discussed,  'in  regard  to  this 
conclusion  No.  3,  are  to  be  received  as  information,  and  not  as 
adopted  by  the  convention.  Is  tliat  the  meaning  of  the  propo- 
sition ? 

Mr.  Johnston : — My  idea  is  that  these  specifications  should 
be  adopted,  and  any  engineer  about  to  make  a  contract  should 
have  them  before  him  in  making  such  contract,  and  if  any  other 
classification  than  those  given  is  necessary,  he  should  be  privi- 
leged to  make  such  departure;  that  is,  if  he  found  the  conditions 
on  his  road  such  that  he  must  depart  from  the  definitions  laid 
down  by  the  Association,  he  could  do  so  and  still  keep  within  the 
spirit  of  the  action  of  this  Association. 

Mr.  Slifer: — I  take  it  as  the  intent  of  the  motion  to  have 
as  a  basis  the  four  classifications  which  have  been  adopted — 
"solid  rock,"  "loose  rock,"  "common  excavation,"  and  such  other 
special  classifications.  This  is  an  indorsement  of  the  Committee's 
classification. 

Mr.  McXab: — I  think  the  last  clause  in  the  section  of  the 
report  introducing  the  specification  for  the  construction  of  road- 
way would  set  a  good  many  points  at  rest.  It  is  as  follows :  "It 
i.^  the  purpose  of  the  specification  attached  to  this  report  to  pro- 
vide for  the  construction  of  the  roadway  of  a  railroad  on  any 
part  of  the  wcsterft  continent.  Of  course,  it  is  not  intended  that 
it  should  be  adopted  in  the  sense  of  being  followed  literally  in 
every  particular,  by  every  railroad,  the  physical,  climatic  and 
commercial  conditions  in  the  vast  extent  of  territory  covered 
being  so  varied ;'  but  the  object  sought  is  to  lay  down  some  gen- 
eral principles  which  can  be  modified,  as  found  necessary,  to  suit 
special  conditions." 

The  President: — I  would  ask  AFr.  Johnston,  in  oft"cring  his 
amendment,  how  he  would  take  care  of  that  elastic  feature  ? 

Mr.    Johnston : — These    specifications    give   an    engineer   an 
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opportunity  to  do  as  he  pleases,  which  he  will  do  in  any  event. 
He  will  make  such  specifications  as  the  conditions  of  his  work 
seem  to  require.  He  may  want  to  favor  some  contractor  with 
v.'hom  he  may  have  had  dealings  for  a  long  time.  He  might 
present  to  him  the  technical  classifications  laid  down  in  this  report 
and  the  contractor  might  object  to  them.  We  want  to  frame  the 
work  of  this  Association  so  that  the  spirit  of  our  conclusions 
will  be  lived  up  to.  My  idea  is  that  conclusion  No.  3  should  be 
broad  and  liberal,  simply  calling  attention  to  specifications  laid 
down  by  the  Association.  They  are  good  specifications  and  can 
be  lived  up  to  in  ninety-nine  cases  out  of  a  hundred ;  but  I  think 
we  should  open  the  gates  so  that  engineers  can  go  outside  of  the 
specifications',  if  they  desire,  and  still  live  up  to  the  spirit  of  our 
recommendations.  The  amendment  voices  the  expression  made 
by  yir.  Berg,  and  carries  out  the  intent  of  the  report  of  the  Com- 
mittee. The  Committee  have  reached  a  conclusion  as  to  what 
shall  constitute  classification  of  material.  They  sav,  "a  three-fold 
classification  of  materials,  solid  rock,  loose  rock,  etc.,"  and  some 
gentlemen  here  say  this  classification  does  not  cover  all  of  the 
conditions  of  material  which  they  find  in  practice.  They  ask  that 
a  four-fold  classification  be  made,  and  it  is  proposed  to  amend 
conclusion  No.  3  so  as  to  open  the  gates  and  put  in  practice  any 
classification  which  seems  to  be  demanded  by  special  conditions. 
I  did  not  have  in  mind  the  general  approval  of  everything  that 
goes  before  in  this  report,  as  provided  in  conclusion  5.  I  am 
simply  talking  about  the  three-fold  classification  of  material,  mv 
remarks  relating  to  the  specifications  for  materials  and  nothing 
else. 

Mr.  Slifer : — As  I  understand  it.  the  action  of  the  Associa- 
tion has  authorized  a  three-fold  classification  of  material.  'Mr. 
Johnston's  rnotion  is  simply  to  allow  some  latitude  for  additional 
classifications. 

Mr.  Johnston : — That  is  my  idea. 

Mr.  Slifer: — It  does  not  apply  to  any  other  portion  of  the 
report  except  the  classification. 

]\Ir.  J.  L.  Frazier  (Toledo.  St.  Louis  &  \\'estern)  : — As  I 
understand  it,  you  have  adopted  the  three-fold  classification 
reported  by  the  Committee.  If  you  adopt  this  amendment,  it 
obliterates  the   classification   reported  by   the   Committee,   and   it 
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will  not  appear  then  that  you  have  adopted  the  three-fold  classi- 
fication at  all.  The  adoption  of  this  amendment  would  obliterate 
what  vou  have  been  doing  for  the  last  hour.  You  have  adopted 
a  three-fold  classification  of  "solid  rock,"  "loose  rock,"  "common 
excavation,"  and  you  have  given  permission  to  add  a  fourth 
classification,  if  necessary.  Now,  you  are  considering  the  adop- 
tion of  this  amendment,  which  in  one  sentence  covers  the  other 
classifications.  This  recommendation  wipes,  out  all  the  other 
classifications,  and  leaves  it  optional  with  the  engineer  to  do  as 
he  pleases,  subject,  of  course,  to  the  general  specifications. 

The  President : — I  do  not  see  how  Mr.  Johnston's  amend- 
ment has  the  eflfect  suggested  by  Mr.  Frazier.  I  did  think  so 
when  it  was  first  made,  but  I  believe  Mr.  Johnston's  amendment 
i'5  consistent  with  our  action,  and  we  have  not,  therefore,  wasted 
the  hour  we  have  put  in  in  discussing  and  passing  on  other 
points. 

Mr.  Slifer : — I  understand  Mr.  Johnston's  amendment  now  is 
a  question  of  reversing  the  action  of  the  Association,  If  we 
adopt  his  amendment,  we  will  have  adopted  a  three-fold  classi- 
fication,  leaving   additional   classes    optional   with   the   engineer. 

Mr.  Frazier : — It  is  clear  to  my  mind  the  amendment  will 
wipe  out  what  you  have  done.  You  have  adopted  section  by  sec- 
tion these  three  recommendations.  In  them  you  provide  for  a 
three-fold  classification,  with  the  permission  of  making  a  fourth. 
There  is  nothing  in  the  detailed  specifications  which  confines  it  to 
this.  If  you  adopt  this  amendment,  you  wipe  out  what  you  have 
done  surely,  because  you  have  nothing  on  record  to  show  you 
have  adopted  a  three-fold  classification.  There  will  be  nothing  on 
the  record  to  show  what  you  have  done  in  the  last  hour. 

The  President : — ^Except  that  in  the  discussions  the  "solid 
rock,"  "loose  rock"  and  "common  excavation"  are  the  only  ones 
described  as  under  the  head  of  "grading."  If  we  have  adopted 
these  according  to  Mr.  Johnston's  amendment,  we  have  adopted 
a  three-fold  classification.  The  only  thing  that  is  lacking  is  to 
make  such  reference  therein  as  may  be  deemed  expedient  to  pro- 
tect the  elastic  rider  we  have  adopted.  If  the  words,  "as  may 
be  deemed  expedient,"  protect  that  elastic  rider,  Mr.  Johnston's 
amendment  covers  the  ground. 
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Mr.  AIcNab: — I  think  we  should  endeavor  to  focus  this 
discussion  and  embody  it  in  a  recommendation.  I  think  Mr. 
Frazier's  point  is  well  taken.  We  should  be  definite  in  the  recom- 
mendation, and  without  having  too  much  reference  to  what  has 
taken  place  in  this  meeting  in  ordinary  discussion. 

The  President : — Is  there  now  a  second  to  Mr.  Johnston's 
amendment? 

^Ir.  A.  S.  Baldwin : — I  second  Mr.  Johnston's  motion.  These 
conclusions  are  an  effort  on  the  part  of  the  Committee  to  place 
in  as  concise  term.s  as  possible  a  summary  of  what  they  have  given 
in  their  specifications.  Now,  Mr.  Johnston  proposes  to  give  us, 
in  a  more  concise  and  somewhat  more  elastic  form,  exactly  the 
same  thing  as  given  by  the  Committee,  and  I  think  his  conclusions 
are  good.  We  do  not  lose  anything  by  the  adoption  of  the  amend- 
ment. We  have  the  specifications  exactly  as  they  were  drawn. 
These  have  been  accepted,  and  all  that  is  done  by  Mr.  Johnston's 
amendment  is  to  put  the  recommendation  in  better  shape. 

Mr.  Frazier: — Much  more  elastic,  but  much  less  concise. 

Mr.  Slifer: — What  is  the  objection  to  putting  the  word 
"three-fold"  before  the  word  "classification"  in  the  amendment? 

Mr.  Tye : — It  seems  to  me  what  we  want  to  do  in  this  con- 
clusion No.  3  is  to  emphasize  the  fact  that  under  ordinary  condi- 
tions we  want  a  three-fold  classification,  and  only  in  special  cases 
do  we  want  more.  Air.  Johnston  does  not  emphasize  that  fact 
in  any  way.  He  says :  "Do  as  you  please,"  while  we  want  to 
emphasize  the  three  classifications  under  ordinary  circumstances, 
and  only  in  special  cases  have  the  fourth. 

(Mr,  Johnston's  amendment,  on  being  put  to  a  vote,  was 
lost.) 

Mr.  McGuigan : — I  would  offer  Mr.  Johnston's  motion  as 
an  addition  to  what  has  been  done  in  the  three-fold  classification. 
It  will  make  the  classification  elastic,  and  leave  it  optional  with 
the  engineer  to  add  to  the  specification  as  the  conditions  may 
render  necessary  in  each  case. 

The  President : — As  I  understand  conclusion  No.  3,  it  reads 
as  follows :  "A  three-fold  classification  of  materials,  solid  rock, 
loose  rock  and  common  excavation,  as  described  in  the  foregoing 
specifications,  and  such  additional  classifications  of  material  as 
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may  seem  necessary,  such  additional  classification  to  be  distinctly 
defined  and  specified  in  the  contract."  We  will  now  take  a  vote 
on  conclusion  No.  3  as  just  read. 

(The  conclusion  was  approved.) 

The  President: — Conclusion  No.  4  is  before  the  Association 
for  action. 

Mr.  McNab: — Before  this  conclusion  is  discussed  by  the 
Association,  I  would  like  to  say  that  it  is  the  feeling  of  this  Com- 
mittee that  it  would  be  wise  to  eliminate  from  the  specifications 
reference  to  the  term  "overhaul. '^  We  have  had  abundant  expe- 
rience in  the  past  in  regard  to  the  actual  cost  of  the  transportation 
of  material,  whether  by  teams  or  by  cars,  irrespective  of  the  cost 
of  loosening,  loading  and  unloading.  With  this  experience,  there 
is  no  reason  whatever  why  the  profiles  of  a  railway  company  can 
not  be  got  up  in  such  shape  as  to  show  the  distribution  of  the 
material  desired  by  the  company.  It  is  not  necessary  to  wait 
until  getting  on  the  ground  to  decide  where  the  distribution  is 
to  be;  that  can  be  done  best  by  a  competent  engineer  after  plot- 
ting his  profile,  running  off  his  quantities,  and  consulting  his 
general  notes.  An  inspection  of  such  a  profile  will  show  the  con- 
tractor very  clearly  what  the  average  haul  will  be  at  any  one  place, 
and  as  to  his  methods  of  work — whether  he  is  going  to  use  drag 
scrapers,  wheelers,  carts,  or  wagons,  steam  shovels  and  cars 
operated  by  steam  or  other  power — that  is  pretty  well  made  up 
in  his  mind  before  he  makes  his  bid.  I  do  not  think  that  any 
hardship  can  be  inflicted  upon  the  contractor  by  making  use  of 
a  profile  of  this  sort,  if  the  proper  information  be  put  upon  it. 
Let  the  information  be  approximate,  but  in  good  shape.  It  will 
pay  the  railway  company  to  have  competent  engineers  at  the 
work.  Of  course,  an  engineer  should  know  primarily  the  require- 
ments of  his  line;  that  is,  as  to  how  far  it  is  going  to  be  to  its 
interest  to  use  surplus  material  in  cuts  for  the  widening  for 
prospective  double  track,  or  when  it  would  be  more  to  its  advan- 
tage to  waste  the  material.  If  we  can  eliminate  this  custom  of 
overhaul  from  specifications,  we  will  get  rid  of  one  of  the  .sources 
of  the  greatest  contention,  annoyance  and  inconvenience  in  a 
grading  contract.  I  hope  there  will  be  a  good  discussion  on  this 
question  of  overhaul. 
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Prof.  Taylor : — I  will  make  a  motion  that  this  conclusion  be 
revised  so  as  to  put  excavation  on  an  overhaul  basis. 

These  specifications  are  drawn  with  the  idea  of  doing  away 
with  any  allowance  for  overhaul,  and  this  idea  is  in  line  with 
the  plan  on  which  many  construction  contracts  have  been  let ;  but 
to  my  mind  this  principle  is  inherently  wrong-.  Under  this  sys- 
tem a  contractor  moves  dirt  out  of  a  short-haul  cut,  which  costs 
him,  say,  12  cents  a  yard,  and  also  on  the  same  work  dirt  out 
of  a  long-haul  cut,  but  which  will  enable  him  to  make  so  much 
more  than  a  fair  profit  on  the  short-haul  cut  as  will  more  than 
balance  his  loss  on  the  long-haul  cut.  Now,  if  experience  in  the 
contract  system  of  doing  work  has  demonstrated  any  one  thing 
to  my  mind  clearly,  it  is  the  fact  that  the  best  incentive  to  get 
good  conscientious  contract  work  done  is  to  so  arrange  the  con- 
tractor's prices  that  he  will  make  a  fair  profit,  and  only  a  fair 
profit,  on  each  unit  of  work  done.  The  average  contractor,  who 
is  quite  a  resourceful  individual,  will  find  a  hundred  ways  how 
not  to  do  that  portion  of  the  work  which  is  a  dead  loss  to  him. 
He  will  persuade  your  engineer  that  a  trestle  is  needed  to  pass 
the  water  where  that  fill  with  the  long  haul  was  intended.  He 
will  slight  that  work  in  every  conceivable  way  till  the  track  is 
about  to  catch  him  there,  and  in  desperation  the  engineer  orders 
him  to  borrow  and  waste  under  the  full  price  for  excavation,  that 
12,  under  payment  both  ways.  It  is  certain  that  the  contractor 
will  not  do,  except  under  great  stress,  that  portion  of  the  work 
on  which  he  loses.  The  common-sense  way  of  getting  such  work 
done  to  good  purpose  is  to  pay  more  for  it  when  it  costs  more 
and  less  when  it  costs  less. 

Let  me  illustrate  by  two  examples,  which  you  may  con- 
sider hypothetical  if  you  wish,  how  this  idea  of  "balancing  up" 
on  contract  prices  works  in  practice.  A  contract  was  let  for 
driving  a  tunnel.  Though  the  tunnel  could  have  been  driven 
more  economically  without  it,  a  deep  shaft  was  sunk  midway  the 
tunnel  to  hasten  the  work.  The  president  of  the  road  had  given 
peremptory  orders  that  the  tunnel  excavation  price  should  not 
exceed  a  certain  figure,  since  the  road  had  never  paid  above  that 
price.  It  so  happened  that  this  price  afforded  a  very  large  margin 
of  profit  on  the  excavation  through  the  portals  on  this  particular 
tunnel,  but  on  account  of  the  conformation  caused  a  loss  on  all 
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excavation  through  the  shaft.  A  contractor  took  the  work  at  the 
required  figure,  but  succeeded  in  extracting  a  big  price  for  the 
shaft  excavation  and  for  the  installation  of  the  hoisting  machin- 
ery, pumps,  etc.  Once  the  shaft  was  driven,  there  was  almost  a 
continual  breakdown  in  the  pneumatic  pumping  or  hoisting 
plant  at  the  shaft,  and  in  spite  of  the  engineer,  the  draft  forces 
were  simply  used  as  a  reserve  supply  to  keep  the  forces  that 
worked  through  the  portals  at  maximum  efficiency.  The  excava- 
tion simply  could  not  be  taken  out  through  the  shaft  at  the  price 
named,  and  the  shaft  was  constructed  to  little  purpose.  The  con- 
tractor simply  succeeded  in  getting  a  higher  price  on  the  whole 
work  than  he  was  entitled  to  only  because  the  railroad  company 
was  not  willing  to  pay  a  reasonable  profit  on  more  costly  work. 
Again,  a  road  was  being  constructed  through  the  suburbs  of  a 
city.  A  long  depression  was  crossed  on  a  high  fill.  The  adjacent 
ground  outside  of  the  regular  right  of  way  afforded  excellent 
material  for  borrow  pits.  But  the  landholders  jumped  the  price 
of  the  land  to  a  prohibitory  figure  as  soon  as  they  found  that  the 
railroad  company  wanted  it.  It  was  then  arranged  to  make  a 
long  haul  from  a  cut,  and  the  cut  was  shown  on  the  profile  when 
the  contract  was  let,  at  a  uniform  price  per  cubic  yard,  which 
included  the  haul.  As  soon  as  the  work  was  started  and  the 
landowners  saw  that  the  railroad  company  was  not  going  to  allow 
them  to  hold  it  up,  they  were  eager  to  sell  their  land  at  a  reason- 
able figure,  but  the  road  could  not  profit  by  their  change  of 
heart  because  the  "no-overhaul"  contract  gave  the  contractor  his 
turn  at  the  hold-up  business  and  he  was  not  willing  to  make  a 
reasonable  enough  reduction  in  his  price  to  save  the  haul,  for, 
as  usual,  "he  was  not  making  anything  on  the  work  anyway," 
In  nine  cases  out  of  ten  a  contract  let  on  a  scale  of  prices  which 
will  allow  the  contractor  a  reasonable  profit  on  every  unit  of  w^ork 
will  save  the  company  money. 

I  grant  that  there  may  be  sections  of  second-track  w-ork,  and 
possibly  of  short  extensions  through  well-known  country,  where 
very  careful  surveys  have  been  made,  and  the  right  of  way  all 
plotted  out  and  surveyed  beforehand,  where  the  "no-overhaul" 
contract  may  not  be  so  very  objectionable,  for  then  the  character 
of  material,  the  regimen  of  the  streams  and  the  efifect  of  the 
weather   mav   be    well  known,    and  the  ensfineer   can   work    out 
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beforehand  with  some  certainty  the  best  disposition  of  his  mate- 
rial, so  as  to  show  it  at  the  time  of  the  letting  on  his  profiles. 
But  I  have  never  yet  seen  a  heavy  piece  of  new  work  in  new 
country  where  the  material  was  disposed  of  entirely  as  shown 
on  the  profile  at  the  time  of  the  letting  of  the  contract.  The 
material  always  develops  characteristics  which  require  an  alter- 
ation in  the  plans ;  even  the  state  of  the  weather  compels  at  times 
a  change  from  the  proposed  disposition.  In  such  cases  it  is 
inevitable  that  there  will  be  long  hauls  shown  on  the  profile  which 
will  never  be  made  in  the  field,  and  there  will  be  long  hauls  on 
the  ground  which  have  not  been  shown  on  the  profiles.  The  con- 
tractor will  never  fail  to  present  his  "extra"  for  the  latter  work, 
but  I  have  never  yet  known  where  a  reduction  could  successfully 
be  made  in  the  former  case.  In  such  cases  there  is  no  reasonable 
doubt  but  that  the  engineer  should  have  flexible  prices  in  his 
contract,  which  will  enable  him  to  pay  a  price  affording  reasonable 
profits  on  work  which  costs  him  more,  and  which  will  enable  him 
to  pay  only  a  reasonable  profit  on  work  which  costs  less  than 
was  contemplated. 

I  think  that  the  absence  of  the  overhaul  clauses  from  so  many 
construction  contracts  is  due  to  the  fact  that  this  kind  of  con- 
struction work  formerly  fell  so  largely  in  the  hands  of  uneducated 
engineers,  who  doubted  their  own  ability  to  accurately  calculate 
overhaul.  These  men  know  from  experience  that  the  calculation 
of  overhaul  by  the  old  cut-and-dried  methods  was  an  exceedingly 
tedious  operation,  and  that  any  two  of  the  old  engineers  could 
rarely  get  the  same  results  from  the  calculation  of  the  overhaul 
on  a  heavy  excavation.  But  I  take  it  that  such  work  from  now 
on  will  be  largely  in  the  hands  of  educated  engineers,  and  the 
technical  schools  of  the  country  are  turning  out  many  graduates,  to 
whom  the  accurate  calculation  of  overhaul  is  mere  child's  play.  I 
suggest  to  the  Association  that  it  is  advisable  to  revise  these 
specifications  before  approving  them,  so  as  to  put  excavation 
work  done  by  contract  on  an  overhaul  basis. 

Mr.  Slifer : — If  we  are  educating  men  of  this  character,  why 
should  they  not  be  able  to  make  the  profiles  called  for  and  arrange 
for  the  overhaul  to  be  carefully  platted  on  the  profile?  The 
average  contractors  to-day  do  not  depend  upon  this  cut-and-dried 
method.     Thev  are  hirine:  the  best  engineering  talent  obtainable 
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to  determine  their  bids.  These  engineers  are  as  capable  of  figur- 
ing the  overhaul  from  the  profile  as  the  man  who  makes  the  orig- 
inal survey,  and  I  see  no  reason  why  we  should  continue  the  old 
practice  of  paying  a  contractor  for  something  he  can  figure  out 
for  himself. 

Mr.  Mountain : — I  second  the  motion ;  and  my  reason  for 
doing  it  is  this :  no  matter  how  carefully  the  profile  is  made,  and 
the  grades  laid  down  on  it,  some  changes  are  more  'or  less  neces- 
sary. Take  a  grade  of  40  feet  to  the  mile,  through  a  cut  and  fill ; 
the  extreme  from  the  beginning  of  the  cut  to  the  end  is,  say,  2,000 
feet.  Now,  we  find  it  necessary,  say,  to  reduce  that  to  a  grade  of 
30  feet  to  the  mile.  You  add  500  feet  on  each  end.  The  work 
is  taken  on  the  first  basis,  and  the  contractor  has  to  do  it  on  the 
second,  and  it  seems  to  me  there  is  a  case  for  an  "extra" — in 
other  words,  a  breach  of  contract.  An  overhaul  covers  that,  and 
I  think  it  is  a  safeguard  in  the  specifications. 

Mr.  Sullivan : — I  have  had  fifteen  years'  experience  in  the 
Northwest  in  construction  matters,  and  this  is  the  first  time  I 
have  heard  any  objection  made  to  the  "overhaul"  clause  of  a 
contract.  It  is  said  that  we  should  know  exactly  what  to  do 
beforehand.  What  is  the  objection  to  paying  for  the  work  after 
it  is  done,  when  we  do  know  what  material  is  removed  and  the 
distance  it  is  hauled?  Did  any  engineer  ever  see  a  contract 
where  we  could  not  change  the  grades  or  the  alignment  ?  When 
this  body  of  engineers  is  ready  to  vote  that  you  can  not  change 
the  line  or  grades,  I  will  be  ready  to  vote  to  cut  out  the  overhaul. 
I  contend  that  we  are  never  able  to  figure  out  exactly  what  we 
are  going  to  do,  or  that  we  shall  have  surveys  made  which  will 
not  be  changed. 

Mr.  Slifer:— As  a  practical  illustration  of  that,  I  have  in 
mind  a  line  of  railroad  85  miles  in  length,  where,  with  the  excep- 
tion of  one  cut,  there  was  no  overhaul.  In  the  course  of  the 
work  there  was  found  additional  overhaul.  The  matter  was 
arranged  to  the  satisfaction  of  both  contractors  and  engineers. 

Mr.  Churchill:— I  think  conclusion  No.  4  could  be  well 
adopted  without  bringing  in  the  feature  of  overhaul  directly.  I 
think  the  clause  is  a  good  one  as  it  stands,  in  order  to  obviate  the 
necessity  of  overhaul  measurements.  It  is  the  business  of  the 
engineer  to  avoid  this  as  much  as  possible.    When  we  later  take 
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up  the  question  of  overhaul  in  detail  (clause  53),  I  see  no  reason 
for  allowing  it  to  stand;  but  I  think  this  particular  conclusion 
should  be  adopted  as  it  reads.  As  to  the  overhaul  clause  enter- 
ing into  the  contract,  under  certain  conditions  I  favor  a  long  over- 
haul clause,  about  1,600  feet.  This  reduces  the  possibility  of  it 
to  a  minimum,  and  by  having  it  printed  in  the  price  column  of  a 
contract,  it  is  always  easy  to  avoid  using  the  clause  in  cases 
where  we  give  full  information,  such  as  in  double-track  work, 
and  there  is  no  question  where  the  material  will  go ;  so  the  con- 
tractor can  be  told,  "Here  is  a  place  where  you  have  2,000  feet 
overhaul;  we  want  to  let  this  practically  without  any  overhaul 
allowance,  and  to  pay  only  the  excavation  price."  Therefore,  I 
believe  conclusion  No.  4  should  be  adopted,  but  that  nevertheless 
there  be  an  overhaul  clause  in  the  body  of  the  specifications  to  be 
used  under  certain  conditions. 

Mr.  Sullivan : — I  presume  if  this  clause  is  carried  as  it 
stands,  the  Committee  will  tell  us  how  we  can  do  it.  We  will 
certainly  need  a  school  for  that. 

The  President : — Prof.  Taylor  desires  that  the  specifications 
be  revised  so  as  to  put  excavation  on  an  overhaul  basis.  That 
takes  out  conclusion  No.  4  and  substitutes  this  motion. 

Prof.  Taylor: — I  will  leave  it  to  the  Committee.  The  ques- 
tion is  whether  or  not  they  will  put  excavation  on  an  overhaul 
basis. 

Mr.  Slifer: — The  recommendation  of  the  Committee  is  that 
profiles  be  made  complete  in  regard  to  distribution  of  material, 
in  order  to  obviate  the  necessity  for  overhaul  measurements.  We 
do  not  say  there  shall  be  no  overhaul  measurements.  We  want 
the  engineers  to  make  their  profiles  complete  and  avoid  overhaul. 

Prof.  Taylor : — How  can  you  make  profiles  complete  when 
you  can  not  tell  what  the  condition  of  the  weather  is  to  be  ?  You 
may  lay  out  an  embankment  one  day,  and  when  you  come  to 
build  it,  you  can  not  do  it  on  account  of  difficulties  which  exist 
and  which  were  not  noticeable  before.  Water  may  cover  the 
ground  where  your  borrow  pits  were  intended. 

The  President : — Your  amendment  is  that  conclusion  No.  4 
shall  be  amended,  and  a  conclusion  as  written  by  you  shall  take 
its  place.  This  is  out  of  order.  The  amendment  to  the  conclu- 
sion of  the  Committee,  as  given  bv  Professor  Tavlor,  is  that  the 
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Specifications  be  revised  so  as  to  put  excavation  on  an  overhaul 

basis. 

Prof.  Taylor: — The  Committee  has  drawn  up  specifications, 
not  allowing  excavation  work  on  an  overhaul  basis.  I  think,  and 
I  think  a  majority  of  the  members  of  this  convention  believe,  it 
ought  to  be  permitted  to  put  it  on  an  overhaul  basis.  My  motion 
not  only  includes  this  objection  in  regard  to  conclusion  No.  4, 
but  requires  the  specifications  themselves  to  be.  revised  so  as  to 
put  in  the  overhaul  clause. 

Mr.  Gushing: — There  are  two  classes  of  engineers  in  this 
convention — one  class  of  engineers  who  have  mostly  to  deal  with 
existing  lines.  The  other  class  of  engineers  have  to  deal  mostly 
with  new  construction  in  undeveloped  country.  The  class  of 
engineers  who  deal  with  existing  lines  have  done  away  with 
overhaul  matters  entirely.  They  never  think  of  it.  When  there 
is  a  piece  of  work  to  be  done,  it  is  an  easy  matter  for  the  con- 
tractor to  go  and  visit  the  work,  and  with  the  profiles  that  are 
made  it  is  quite  feasible  for  him  to  get  an  accurate  knowledge 
of  exactly  what  is  to  be  done,  and  he  makes  his  bid  accordingly. 
It  is  that  condition  which  has  also  led  engineers  who  deal  with 
existing  lines  to  abolish  the  classification  of  material.  Material, 
unless  it  is  half  and  half  of  different  kinds,  generally  is  taken 
under  contract  on  the  basis  of  the  kind  which  is  in  excess,  or  in 
large  majority,  and  these  points  have  to  be  borne  in  mind  by 
all  of  us  in  discussing  these  matters.  There  may  be  good  reasons 
for  those  engineers  who  are  constructing  new  lines  in  undevel- 
oped country  where  it  is  difficult  for  the  contractor  to  view  the 
work  beforehand  to  have  an  overhaul  clause,  and  whose  specifica- 
tions should  be  such  as  to  include  that  feature  and  make  allow- 
ance for  it  where  it  is  necessary.  It  is  useless  work  for  those 
engineers  who  do  not  have  to  deal  with  this  condition  to  consider 
it  at  all.  It  is  not  unfair  to  the  contractor.  He  has  as  good 
opportunity  as  anyone  could  have  of  judging  in  advance  what  his 
work  is  to  be. 

Mr.  A.  S.  Baldwin: — I  move  the  following  as  an  amend- 
ment: "That  profiles  be  made  as  complete  as  possible,  in  regard 
to  distribution  of  material,  in  order  to  obviate,  where  practicable, 
necessity  for  overhaul  measurements." 

Mr.  McNab: — Does  not  that  expression,  "where  practicable," 
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open  the  door  too  much  for  a  difference  in  opinion,  with  its  con- 
sequences ? 

Mr.  Mountain : — I  ask  if  any  engineers  doing  new  work 
know  of  any  profiles  which  were  made  complete ;  in  other  words, 
that  have  not  been  changed  during  construction.  If  so,  this 
clause  is  all  right.  If  not,  it  is  impossible  to  put  it  into  use. 
Every  engineer  knows  how  difficult  it  is  to  put  the  proper  grad- 
ients on  profiles.  The  location  is  changed,  which  varies  the 
classification,  and  if  it  does  not,  it  varies  the  overhaul,  and  profiles 
can  not  be  made  complete  in  regard  to  distribution  of  material. 

Mr.  Gushing: — I  do  not  believe  that  engineers  who  are 
engaged  entirely  in  new  construction  can  object  to  the  desir- 
ability of  being  able  to  comply  with  what  the  Committee  recom- 
mends, if  it  is  possible  to  do  so.  It  stands  there  as  a  desirable 
thing  to  do,  where  possible.  It  avoids  work  and  confusion  in  the 
construction  of  new  lines,  and  it  is  possible  for  such  a  condition 
to  exist,  where  the  line  is  passing  through  a  rolHng  country,  that 
the  cuts  and  fills  are  to  be  made  approximately  equal  and  follow 
each  other  in  regular  order.  I  have  seen  a  good  deal  of  such 
country,  where  it  was  not  a  question  as  to  how  the  material  was 
to  be  moved — the  natural  thing  to  do  was  to  move  it  into  the 
adjacent  fills,  and  no  overhaul  measurement  is  necessary  in  work 
of  that  kind.  That  is  a  desirable  condition  of  affairs,  if  it  can 
be  carried  out.  The  matter  of  putting  in  an  overhaul  clause  is 
entirely  a  special  consideration,  to  be  determined  by  conditions. 
I  can  not  see  anything  objectionable,  even  from  the  standpoint 
of  those  engineers  of  whom  I  speak,  in  admitting  a  recommenda- 
tion of  this  kind  as  given  in  the  report  of  the  Committee. 

Mr.  Sullivan : — I  dislike  to  take  up  the  time  of  the  conven- 
tion, but  this  matter  of  roadway  construction  is  a  subject  in  which 
I  am  very  much  interested.  In  answer  to  ]\lr.  Cushing,  I  will 
say  that  these  specifications  are  very  good  in  a  general  way,  and 
they  just  apply  to  us  ignorant  fellows  who  are  out  West  and  take 
up  these  specifications  and  read  them  very  carefully.  INIr.  Cush- 
ing says,  take  them  ;  they  are  good  enough,  and  put  in  anything 
special  you  want  to.  We  do  not  do  that.  But  you  men  in  charge 
of  maintenance  of  way,  every  time  you  write  a  contract  you 
have  a  special  case.     All  your  work  is  "special."  and  our  work  is 
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general.  Why  not  make  these  specifications  for  the  men  who  will 
take  them  literally?  These  specifications  will  be  copied  by  thou- 
sands of  young  men  who  are  starting  out  as  engineers  on  small 
branches,  who  are  building  roads,  and  they  are  the  engineers 
who  should  be  helped  out.  I  believe  Mr,  Gushing  will  admit  that 
he  must  write  a  special  contract  for  everything  he  does — the  con- 
ditions are  so  different.  These  specifications  cover  all  work  in 
general;  not  only  new  work. 

Mr.  Slifer: — I  think  as  a  young  engineer  I  had  more  expe- 
rience on  the  subject  of  overhaul  than  any  other  on  construction 
of  new  lines  and  improvement  of  old  lines  where  overhaul  was 
not  allowed.  It  is  perfectly  practicable  to  make  a  profile  that  will 
avoid  any  question  of  overhaul  payment. 

Mr.  Garrett  Davis  (Ghicago,  Rock  Island  &  Pacific)  : — You 
will  notice  in  paragraph  53  that  it  was  the  intention  of  the  Gom- 
mittee  to  cut  out  pay  for  overhaul.  This  is  shown  in  the  body  of 
the  specifications.  I  understand  the  Committee  to  mean  the  pro- 
file shall  be  made  to  show  the  overhaul,  so  that  a  flat  rate  shall 
be  made  to  cover  it.  My  opinion  is  that  you  will  pay  a  little 
more  for  your  work.  I  do  not  believe  the  contractor  will  bid  as 
close  where  he  bids  a  flat  rate,  including  overhaul,  as  he  will  if 
the  overhaul  is  put  in  separately. 

The  President: — We  are  not  discussing  the  question  as  to 
whether  or  not  overhaul  shall  be  put  into  the  specifications.  We 
are  so  pressed  for  time  that  I  must  ask  the  members  to  confine 
their  discussion  to  the  question  before  them.  Later,  when  we 
come  to  the  discussion  of  the  overhaul,  we  can  find  out  whether 
it  is  a  good  thing  to  put  it  in  or  not. 

Mr.  Slifer: — If  this  conclusion  is  adopted,  it  will  not  affect 
the  question  of  overhaul. 

(The  question  was  then  put  on  Mr.  Baldwin's  amendment, 
which  was  lost.) 

The  President : — The  question  will  now  be  on  the  adoption 
of  conclusion  No.  4,  as  reported  by  the  Gommittee. 

(Gonclusion  No.  4,  as  reported  by  the  Gommittee,  was 
adopted.) 

The  President : — The  hour  o^  adjournment  has  arrived,  and 
Mr.  Condron,  of  the  Gommittee  of  Arrangements,  desires  to  make 
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an  announcement.  Before  adjourning,  I  would  ask  you  to  be  in 
your  seats  promptly  at  2  o'clock. 

]\Ir.  Condron: — The  Committee  of  Arrangements  this  year 
has  made  an  innovation,  and  instead  of  having  a  formal  banquet, 
which  it  has  been  customary  to  provide,  it  has  been  deemed  wise 
to  have  a  more  informal  affair.  .  It  was  our  intention  to  simply 
have  a  smoker.  While  arranging  for  the  smoker,  we  found  that, 
with  a  little  more  trouble  to  the  Committee,  and  a  little  more 
expense  to  the  members,  we  could  have  an  informal  beefsteak 
dinner.  It  will  be  a  one-course  dinner,  but  there  will  be  plenty 
of  it.  We  hope  it  will  be  good.  We  therefore  arranged  for  this 
dinner  to  take  place  to-night,  as  the  convention  is  to  hold  only  a 
two-days'  session;  but  from  the  appearance  of  things  this  morn- 
ing it  is  possible  it  may  continue  for  a  week.  We  have  desired 
to  arrange  an  entertainment  which  would  give  the  members  an 
opportunity  to  move  about  and  get  acquainted  and  swap  stories, 
if  they  wish  to.  We  shall  not  talk  business  in  any  way,  but  we 
do  want  to  get  acquainted  with  one  another,  and  therefore  the 
program  is  for  a  very  brief  dinner,  and  after  the  dinner  we  will 
have  a  smoker  and  some  little  entertainment,  enough  to  keep 
things  from  becoming  stagnant.  Considerable  time,  however, 
will  be  devoted  to  getting  acquainted.  The  Committee  wants  to 
know  before  you  leave  the  hall  how  many  of  the  members  will 
attend  the  dinner.  We  must  make  arrangements  with  the  hotel 
before  i  o'clock,  and  tell  them  how  many  steaks  are  to  be  eaten 
and  how  they  are  to  be  cooked.  The  tickets  for  the  dinner  and 
smoker  will  be  $3.50. 

(The  meeting  then  adjourned.) 

AFTERNOON  SESSION. 

The  President : — The  first  action  to  be  taken  is  on  the  fifth 
conclusion  of  the  report  of  the  Committee  on  Roadway :  "That 
the  form  of  specification  attached  to  this  report  embraces  the  best 
principles  of  theory  and  practice  in  that  part  of  construction  under 
this  Committee."  What  shall  we  do  with  that  conclusion  of  the 
Committee? 

Mr.  Cushing: — I  move  that  each  clause  of  the  specification 
be  read  seriatim. 
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(Motion  carried.) 

Mr.  Berg: — It  seems  to  me  if  we  take  np  this  specification 
clause  by  clause,  we  will  take  the  whole  afternoon  in  discussion 
of  this  report.  I  offer,  therefore,  as  an  amendment  to  the  motion 
that  the  fifth  conclusion  of  the  report  and  the  specifications,  as 
presented,  be  received  for  information  and  be  referred  back  to 
the  Committee,  to  report  on  next  year,  with  such  revision  as  they 
may  find  necessary,  due  to  the  discussions  which  'have  taken  place 
to-day,  and,  further,  that  members  be  requested,  who  have  de- 
tailed points  of  information  in  relation  to  the  specification,  to 
submit  such  points  to  the  Secretary  inside  of  the  next  thirty  or 
sixty  days,  for  publication  in  the  Proceedings.  It  will  take  up 
too  much  time  to  discuss  this  matter  thoroughly  to-day.  If  we 
should  attempt  to  discuss  and  adopt  these  specifications,  we  ought 
to  discuss  them  thoroughly.  We  have  not  time  for  that,  and 
we  should  at  least  leave  the  adoption  of  the  specifications,  which 
makes  them  standard,  until  next  year,  so  that  the  Committee  may 
give  them  more  mature  thought  and  study,  and  that  those  mem- 
bers of  the  Association  who  difl:"er  in  regard  to  certain  details  of 
the  specifications  should  put  their  opinions  in  writing,  to  be  em- 
bodied in  the  Proceedings  as  written  discussion,  and  that  the 
Committee  during  the  year  will  take  cognizance  of  such  points 
raised  and  present  next  year  a  final  specification  which  we  can 
indorse  with  more  confidence  that  it  represents  the  general  con- 
sensus of  opinion  and  is  the  result  of  mature  study,  than  we  can 
do  here  to-day  by  hastening  through  the  specifications  item  by 
item,  as  now  proposed  by  the  original  motion. 

The  President : — The  motion  having  been  carried,  it  will  be 
necessary  for  someone  who  voted  in  the  affirmative  to  move  a  re- 
consideration. It  strikes  me  the  suggestion  is  a  good  one ;  the 
chances  are  we  should  put  in  the  whole  afternoon  discussing  these 
specifications,  and  by  deferring  action,  we  might  get  some  written 
discussion  which  might  be  more  valuable  than  those  which  would 
be  brought  forward  this  afternoon. 

Mr.  Byers: — To  bring  the  discussion  before  the  Association, 
I  move  a  reconsideration. 

]\Ir.  Cushing: — I  think  it  would  be  proper  to  have  this  mat- 
ter voted  on  by  the  Association.  There  are  two  points  of  view 
which  are  wortliv  of  consideration.     \\'hat  arc  we  here  for?     If 
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we  go  to  the  next  report,  and  take  similar  action  upon  it,  what 
have  we  done  by  coming  here  at  ah  ? 

Mr.  SHfer: — As  Mr.  Gushing  says — what  are  we  here  for? 
What  has  the  Committee  been  doing  in  the  last  year?  We  have 
done  our  work,  and  have  tried  to  get  all  the  information  we 
could  to  make  up  the  report.  If  we  defer  action  until  next  year, 
we  will  have  the  same  kind  of  a  discussion,  and  probably  be  no 
nearer  a  conclusion  after  twelve  months  have  passed.  I  think  we 
should  go  ahead  and  consider  the  specifications  as  submitted. 

Mr.  Gushing : — It  seems  to  me  the  only  value  of  these  meet- 
ings is  the  open  discussion.  The  remarks  of  one  member  will 
suggest  points  of  interest  to  another,  which  he  might  not  think  of 
by  simply  writing  his  own  views  on  the  subject.  It  is  the  open 
debate  which  gives  value  to  our  meetings.  There  is  no  question 
but  that  we  are  trying  to  do  too  much  at  once.  It  seems  to  me  the 
only  way  to  remedy  the  trouble  is  to  assign  a  certain  number  of 
committees  to  report  at  each  meeting,  knowing  from  experience 
how  long  it  takes  to  deal  with  a  report,  and  then  have  another  lot 
of  reports  at  the  next  meeting.  In  this  way  the  committees  will 
have  more  time  to  carry  on  investigation  work,  and  reports  will 
be  even  more  valuable  than  now,  and  they  are  certainly  more  val- 
uable this  year  than  before. 

Mr.  McNab: — I  can  see  no  objection  to  postponing  further 
discussion,  provided  the  written  discussions  of  members  find 
their  way  to  the  Committee  first,  and  the  Committee  makes  its 
answers  in  writing,  and  the  questions  and  answers  be  printed  in 
the  next  Proceedings.  If  we  could  get  these  discussions  in  time 
so  that  the  Committee  could  reply  to  them,  and  the  whole  incor- 
porated in  the  next  report,  great  benefit  would  be  derived. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St. 
Louis)  : — I  regret  that  I  was  delayed  in  getting  here  and  was  not 
present  at  this  morning's  session.  I  do  not  know  where  the  ques- 
tion stands  at  present.  If  it  is  the  wish  of  the  meeting  that  we 
continue  the  discussion  upon  this  point,  I  have  a  few  remarks  to 
ofifer.  If  not,  I  will  have  nothing  more  to  say.  What  I  would 
say  is  already  in  the  hands  of  the  members  present,  having  been 
printed  and  distributed,  and  for  that  reason  I  would  like  to  see 
the  motion  of  Mr,  Berg  prevail. 

The  President : — A  motion  was  passed  to  discuss  these  spec- 
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ifications  one  by  one,  in  their  order.  A  motion  has  now  been 
made  to  reconsider  that  vote.  It  is  entirely  in  the  liands  of  the 
members  to  say  what  shall  be  done  with  the  report. 

Mr.  Berg : — My  proposition  was  not  that  the  valuable  work 
the  Committee  has  done  shall  be  turned  down.  We  receive  it  as 
information.  The  only  question  is  whether  we  shall  adopt  it  as 
a  standard  specification  now,  or  next  year;  and  in  the  meantime 
the  value  of  the  work  which  the  Committee  ha"s  done  will  stand 
as  recommendations  indorsed  and  presented  by  this  Committee. 
The  only  point  I  make  is  that  before  anything  goes  out  to  be 
quoted  as  a  recommended  standard  specification,  we  should  be 
very  particular  to  know  that  it  has  been  properly  digested  and  is 
one  we  can  stand  by. 

Mr.  Cushing: — This  particular  report  has  been  in  the  hands 
of  the  members  for  some  weeks.  I  would  ask  whether  Mr.  Berg 
means  we  are  to  treat  all  reports  of  committees  in  this  way.  We 
would  have  to  discuss  this  particular  report  so  as  to  be  able  to 
know  what  it  contains,  and  we  should  be  in  a  position  to  discuss 
it  intelligently  and  take  final  action.  There  are  reports  coming 
up  on  which  we  shall  have  to  take  the  action  Mr.  Berg  suggests ; 
but  it  is  my  opinion  that  a  report  which  we  have  had  in  our  hands 
for  some  weeks  should  be  carried  through  at  this  meeting  and 
finished  up.  If,  after  discussing  these  specifications,  we  find  so 
many  changes  have  been  made  in  them  it  is  entirely  proper  to 
recommit  the  report  and  ask  the  Committee  to  consider  it  fur- 
ther, Mr.  Berg's  suggestion  would  be  entirely  in  order.  But  if 
we  are  to  return  every  report  to  a  committee,  without  any  defi- 
nite action,  I  do  not  know  what  we  have  come  here  for. 

The  President : — The  first  specification  is  on  the  formation  of 
the  roadway.  Paragraph  No.  i  relates  to  the  center  of  the  road- 
bed. If  there  is  no  objection  made  to  the  paragraph,  it  will  be 
understood  to  be  adopted. 

The  second  paragraph  relates  to  the  grade  line  on  the  profile. 
Mr.  McDonald : — I  move  that  paragraph  No.  2  be  stricken  out 
and  the  following-  substituted :  "The  line  on  the  profile  denoting 
the  tops  of  embankments  and  bottoms  of  cuttings  represents 
the  subgrade."  I  have  no  desire  to  prolong  this  discussion,  but  I 
would  call  the  attention  of  the  Committee  to  the  words  "the  grade 
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line  on  the  profile  denotes  subgrade."  Which  is  the  grade  line 
and  which  is  the  subgrade?  The  terms  are  contradictory,  and  in 
order  that  the  matter  may  be  perfectly  clear,  it  struck  me  that 
probably  the  Committee  would  accept  that  correction. 

Mr.  Slifer: — As  there  is  generally  only  one  line  on  any  pro- 
file I  have  ever  seen,  I  do  not  know  what  the  correction  means. 
It  was  the  idea  of  the  Committee,  so  far  as  the  words  "grade  line" 
were  concerned,  to  apply  them  as  a  phrase,  and  perhaps  it  would 
have  been  well  to  have  the  explanation  of  the  word  in  the  glos- 
sary. Grade-line  as  a  compound  word ;  possibly  the  word  "grade- 
line"  would  explain  our  meaning. 

Mr.  Cushing: — Mr.  McDonald's  definition  is  no  clearer.  It 
says,  the  line  on  the  profile — which  one? 

Mr.  McDonald  : — The  one  denoting  the  tops  of  the  embank- 
ments and  the  bottoms  of  the  cuttings. 

Mr.  McNab : — The  wording  of  the  amendment  is  hardly 
definite,  because  it  refers  to  a  term  that  has  not  been  specifically 
defined  in  it,  namely,  "subgrade.^'  It  is  a  fact  that  the  virtual 
top  of  an  embankment  for  some  purposes  may  not  necessarily 
be  subgrade;  as,  for  instance,  when  the  height  of  embankment  is 
spoken  of  for  trestling  purposes,  or  when  the  material  of  the  em- 
bankment is  similar  to  the  ballast.  The  two  words,  grade-line, 
taken  together  with  a  hyphen,  as  Mr.  Slifer  suggests,  can  hardly 
be  held  as  contradictory  and  ambiguous.  It  is  a  commonly  used 
term  and  can  well  stay  where  it  is. 

(Mr.  McDonald's  motion  was  not  carried.) 

The  President : — We  will  now  consider  paragraph  No.  3. 

Mr.  McDonald : — I  move  that  in  the  third  clause,  the  words 
"attached  to"  be  stricken  out  after  the  word  "drawings,"  and 
the  words  "referred  to"  be  substituted.  My  reason  is  that  it  is 
impracticable  to  attach  the  drawings  to  the  contract,  and  the  same 
object  is  attained  by  the  use  of  the  words  "referred  to." 

Mr.  Slifer: — The  Committee  will  make  a  suggestion  modi- 
fying that  phraseology  which  will  probably  be  acceptable. 

Mr.  McNab  : — It  is  obvious  that  a  copy  of  the  standard  cross- 
section  of  roadbed  is  what  is  meant  in  this  clause,  and  could  con- 
veniently be  attached  either  to  the  specification  or  to  the  contract ; 
but  the  Committee  would  be  willing  to  change  the  clause  in  order 
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to  read  as  follows :  "The  roadbed  shall  be  formed  to  the  contour, 
slopes  and  dimensions  shown  upon  the  standard  drawings  form- 
ing part  of  the  contract,  or  to  such  modifications  thereof  as  are 
required  to  meet  special  conditions,  or  as  the  engineer  may  from 
time  to  time  direct."  The  word  "standard"  is  placed  between 
the  words  "the"  and  "drawings."  It  is  not  meant  to  embrace 
every  drawing  required  for  the  construction  of  the  road,  but  re- 
lates only  to  the  standard  cross-section  drawings  of  the  prism  of 
the  road. 

Mr.  McDonald: — I  move  that  the  paragraph  be  adopted  in 
that  form. 

(Carried.) 

The  President: — We  will  now  consider  paragraph  No.  4. 

Mr.  McNab: — Paragraph  No.  4  has  two  sections,  and  it 
might  be  well  to  take  up  each  section  individually. 

Mr.  McDonald: — I  w^ould  move  to  amend  paragraph  No. 
4  so  as  to  read  as  follows:  "When  finished  and  properly  settled, 
the  roadbed  shall  conform  to  the  finishing  stakes  set  for  it,  and 
shall  be  of  the  following  dimensions  at  subgrade  for  single  track, 
viz. :" 

Mr.  Slifer: — The  Committee  is  willing  to  accept  the  amend- 
ment of  Mr.  McDonald. 

(The  amendment  was  agreed  to.) 

Mr.  R.  Montfort  (Louisville  &  Nashville)  : — Regarding  the 
second  section  of  paragraph  No.  4,  you  can  not  adopt  the  same 
width  of  embankment  for  a  trunk  line  that  you  would  establish 
for  a  branch  line.  If  I  were  building  a  branch  line,  16  feet  is 
often  used,  whereas  in  building  a  trunk  line  I  would  adopt  20. 
I  make  a  motion  that  the  top  width  be  from  16  to  20  feet,  depend- 
ing on  the  character  of  the  road. 

Mr.  McDonald:— I  would  call  attention  to  the  fact  that  at 
a  previous  meeting  w^e  adopted  a  width  of  20  feet.  That  was 
merely  typical,  and  it  was  understood  that  it  could  be  varied  for 
subsidiary  lines. 

J\lr.  McNab : — It  was  typical  for  first-class  roads  with  heavy 
and  incessant  traffic,  and  it  was  intended  that  minor  or  subsidiary 
lines  might  modify  their  wadth  from  that. 

Mr.  Berg: — It  seems  to  me  that  having  referred  to  standard 
drawings,  and  these  specifications  being  intended  to  be  general 
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specifications,  that  is,  specifications  that  can  generally  be  used 
and  applied  to  different  railroads  under  different  conditions,  that 
we  are  wrong  in  specifying  the  width  of  embankments  and  ex- 
cavations. As  the  gentleman  has  correctly  said,  there  are  differ- 
ent classes  of  roads,  and  different  classes  of  branches  even.  My 
position  is  that  we  drop  out  the  second  clause  of  paragraph  No.  4 
entirely,  being  unnecessary,  and  limiting  the  specifications.  The 
standard  drawings  having  been  referred  to,  they  will,  according 
to  the  class  of  road  and  conditions,  show  the  width  of  the  spacing 
of  track. 

Mr.  Slifer: — I  do  not  recall  how  many  hours  this  Associa- 
tion spent  last  year  on  the  subject  of  the  width  of  embankments, 
but  I  do  know  they  reached  a  conclusion  that  the  typical  em- 
bankment should  be  of  a  certain  width.  We  are  simply  confirm- 
ing the  conclusion  reached  one  year  ago— ^this  is  the  proper  place 
to  make  such  a  confirmation. 

Mr.  Gushing: — I  think  Mr.  Slifer  is  right.  One  of  the  ob- 
jects of  this  Association  is  to  establish  what  the  Association  rec- 
ognizes as  first-class  standard  railroad  practice.  These  specifi- 
cations would  ultimately  lead,  I  should  think,  to  the  recommen- 
dation of  drawings  for  a  standard  roadbed  cross-section.  The 
drawings  can  be  modified  as  anyone  sees  fit,  but  what  we  want 
here  is  to  have  something  laid  before  us  that  we  can  look  to  as 
a  standard  to  arrive  at  as  nearly  as  our  conditions  and  the  expen- 
diture to  be  made  in  our  work  will  permit.  I  think  it  would  be  a 
mistake  to  leave  that  recommendation  out.  We  would  not  be 
any  further  than  we  were  when  we  began  the  Association.  The 
main  object  of  our  Association  is  to  establish  these  standard  rec- 
ommendations, after  having  discussed  the  subject   thoroughly. 

Mr.  McGuigan : — If  I  correctly  understand  Mr.  Berg,  that  he 
intends  to  strike  out  the  second  section  of  paragraph  No.  4,  what 
does  he  propose  to  do  with  the  first?  The  second  section  is  in- 
dispensable to  the  first.  The  last  two  lines  of  the  first  paragraph 
say,  "and  shall  be  of  the  following  dimensions  at  subgrade  for 
single  track."  You  can  not  strike  out  one  without  striking  out  the 
other. 

The  President : — Mr.  Berg  would  have  stricken  out  all  after 
the  words,  "set  for  it." 

Mr.  Slifer: — It  was  the  object  of  the  Committee  to  subm.it  a 
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typical  specification  to  meet  the  requirements  of  resolutions  which 
call  for  a  standard  roadbed.  We  can  not  expect  to  submit  speci- 
fications that  will  be  adopted  by  every  chief  engineer,  as  each  will 
have  his  own  peculiar  views.  We  consider  that  a  typical,  first- 
class  railroad  shall  be  one  with  a  20- foot  roadbed,  as  has  been  de- 
cided by  this  Association. 

Mr.  Kelley: — It  occurs  to  me  it  would  be  inadvisable  to  set 
forth  a  specification,  either  for  the  use  of  an  engineer,  from  an 
engineering-  standpoint,  or  for  the  use  of  a  contractor,  in  which 
we  do  not  specify  the  width  of  the  embankment,  but  leave  the 
space  vacant  for  the  insertion  of  the  proper  figures.  The  Asso- 
ciation has  already  placed  itself  on  record  that  20  feet  should  be 
the  width  of  the  embankment.  Anyone  looking  in  our  Proceed- 
ings for  information  on* any  subject,  such  as  a  specification,  would 
naturally  turn,  in  the  case  of  roadway,  to  the  latest  specification 
offered  by  the  Committee  on  Roadway,  and  they  would  be  con- 
fronted with  the  fact  that  the  Committee  had  offered  a  specifica- 
tion without  any  reference  whatsoever  to  the  width  either  for  the 
crown  of  the  embankment  or  the  bottom  of  the  cut.  They  would 
say  at  once  that  it  was  a  very  great  oversight,  and  that  the  work 
of  the  Committee  had  been  done  in  such  a  slighting  way  that 
they  could  place  no  reliance  upon  the  balance  of  the  report.  We 
should  include  that  paragraph,  even  if  we  change  the  width  of 
the  standard  or  leave  it  vacant.  Personally,  I  think  it  should 
stand  as  it  is  written. 

(The  motion  to  change  the  second  section  of  paragraph  No.  4 
was  lost.) 

The  President : — Is  there  any  further  objection  to  paragraph 
No.  4? 

Mr.  Montfort:^!  move  that  on  the  next  to  the  last  line,  "13 
feet"  be  substituted  for  "14  feet." 

Mr.  ]\IcNab: — There  is  nothing  arbitrary  in  14  feet,  and  I 
can  not  see  the  necessity  for  changing  it.  The  specifications  sub- 
mitted with  this  report  are  not  intended  to  be  retrospective,  and 
we  must  look  ahead  of  us  somewhat.  Although  "13  feet  is  the 
distance  between  centers  of  standard  gage  tracks  used  on  many 
roads,  there  are  others  on  which  14  feet  has  been  adopted.  Roll- 
ing stock  is  increasing  in  width,  and  speeds  are  increasing,  and  we 
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should  make  provision  for  such,  and  look  also  to  the  increased 
comfort  of  passengers  on  double-track  roads. 

j\Ir.  Churchill : — I  do  not  think  because  there  may  be  14  feet 
between  the  center  of  the  tracks,  it  is  proper  to  place  obstructions 
between  the  rails.  The  rules  of  the  company  will  regulate  that, 
and  as  this  figure  is  not  arbitrary,  the  14  feet  can  very  well  stand 
as  an  ideal  distance. 

(The  motion  was  lost.) 

The  President : — If  there  is  no  further  discussion  of  para- 
graph No.  4,  it  will  stand  approved.  We  will  now  consider  par- 
agraph No.  5. 

Mr.  Churchill : — I  move  that  the  words  in  the  second  line, 
"embankments  of  rock,  one  to  one,"  be  omitted.  I  think  it  would 
be  well  not  to  fix  it  so  strongly. 

Mr.  Johnston : — Does  not  the  last  paragraph  of  this  speci- 
fication cover  the  point  raised,  where  it  says,  "These  ratios  may 
be  varied  by  the  engineer  according  to  circumstances,  and  the 
slope  shall  be  made  as  directed  by  him  in  each  particular  case?" 

The  President : — I  should  hardly  think  it  did.  The  fact  still 
remains  that  rock  embankment  is  one  to  one,  unless  there  are 
special  circumstances  that  apply,  and  ]\Ir.  Churchill's  motion  is 
that  rock  embankment  of  one  to  one  should  not  be  mentioned. 

Mr.  Churchill : — I  have  built  first-class  rock  embankments, 
built  them  one  and  a  cjuarter  to  one,  and  been  obliged  to  make 
them  one  and  one-half  to  one.  There  is  no  nuestion  about  it; 
they  will  not  stand  one  to  one. 

Mr.  Tye : — I  ask  Mr.  Churchill  what  kind  of  rock  embank- 
ments he  made  one  and  one-half  to  one?  I  have  found  very 
great  difficulty  in  making  embankments  of  solid  rock;  that  is, 
solid  rock  which  broke  in  large  masses,  to  flatter  slopes  than  one 
to  one.  He  would  find  that  it  required  a  great  deal  of  material 
to  make  this  extra  embankment.  The  usual  method  of  contrac- 
tors is  to  widen  the  bank  on  the  top,  which  would  take  very  large 
quantities  before  the  required  slope  of  one  and  one-half  to  one 
was  obtained. 

Mr.  Churchill : — I  refer  to  both  limestone  and  sandstone. 
The  principal  bank  I  had  to  widen  was  of  sandstone. 

Mr.  Tye  : — The  sandstone  broke  up  ? 

Mr.  Churchill :— Yes. 
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Mr,  Tye : — It  would  not  do  it  with  solid  rock. 

Mr.  Churchill : — This  was  solid  rock  excavation,  in  strictly 
rock  country.  Of  course,  such  a  bank  will  stand  for  awhile,  but 
as  it  settles,  you  will  be  obliged  to  fill  it.  In  this  case  the  culverts 
were  lengthened  after  the  embankments  were  built,  and  I  am 
afraid  it  is  only  a  question  of  a  few  years  after  embankments 
have  been  built  one  to  one,  or  one  and  a  quarter  to  one,  when  they 
will  be  widened  out  of  necessity. 

Mr.  iMcNab : — If  we  must  set  up  slope  stakes  for  rock  em- 
bankments, in  order  to  meet  a  slope  of  one  and  one-half  to  one, 
we  shall  run  away  with  a  lot  of  money. 

Mr.  Churchill : — It  is  better  to  put  the  money  in  in  the  be- 
ginning. 

Mr.  Montfort : — My  experience  is  that  rock  will  stand  at 
between  one  to  one  and  one  and  one-half  to  one.  Large  lime- 
stone rock  and  sandstone  will  stand  at  one  to  one.  Recently  1 
had  occasion  to  find  that  out.  A  wing-wall  of  an  abutmicnt  was 
built  for  an  embankment  one  and  one-half  to  one;  the  embank- 
ment was  made  of  large  stone,  sloped  at  one  to  one ;  consequently 
a  good  deal  of  masonry  was  wasted. 

Mr.  McDonald : — I  move,  as  an  amendment  to  the  item  un- 
der consideration,  that  it  read,  "Embankments  of  rock,  from  one 
to  one,  to  one  and  one-half  to  one." 

Mr.  Slifer : — I  think  the  concluding  paragraph  of  that  sec- 
tion leaves  the  ratios  so  that  they  may  be  varied  by  the  engineer 
according  to  circumstances. 

Mr.  Churchill : — My  point  was  that  I  thought  we  were  mak- 
ing a  mistake  in  issuing  a  typical  specification  when  I  was  very 
sure  that  one  to  one  would  not  be  a  proper' slope  for  rock.  If  the 
clause  should  be  changed  to  read,  "Slopes  of  embankments  of 
rock  shall  be  one  to  one,  to  one  and  one-half  to  one,"  you  are  bet- 
ter oft"  than  recommendmg  a  slope  which  will  not  stand. 

Mr.  Slifer: — You  know  of  one  particular  case  where  this 
embankment  did  not  stand? 

Mr.  Churchill : — I  know  of  several. 

Mr.  Slifer : — There  are  gentlemen  who  know  where  one  to 
one  does  stand. 

The  President : — The  member  who  made  the  original  amend- 
ment has  accepted    the    second    amendment,    so    that    as    now 
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amended,  paragraph  No.  5  will  read,  "The  slopes  of  earth  em- 
bankments to  be  at  an  inclination  of  one  and  one-half  to  one; 
embankments  of  rock,  from  one  to  one,  to  one  and  one-half  to 
one,"  etc. 

Mr.  McNab  : — Can  the  engineer  vary  that  ratio  ? 
The  President: — Yes,  sir. 

Mr.  McDonald : — It  recognizes  the  fact  that  we  do  not  as- 
sume that  a  rock  embankment  of  one  to  one  will  stand.  I  can  con- 
firm what  Mr.  Churchill  says — all  our  embankments  are  staked 
at  one  and  one-half  to  one,  and  no  distinction  made  between  earth 
and  rock ;  on  a  one  to  one  slope  the  rocks  will  roll  down  on  the 
side,  and  you  have  to  replace  them.  If  we  leave  the  paragraph 
as  it  is  now,  one  to  one,  we  assume  that  it  will  stand,  and  I  can  not 
agree  to  that. 

(The  motion  was  put  on  the  amendment,  which  was  carried.) 

The  President : — Is  there  any  further  discussion  on  para- 
graph No.  5  ?  Paragraph  No.  6  seems  to  be  omitted.  Para- 
graph No.  7  is  now  before  the  Association. 

Mr.  Churchill : — I  ask  the  Committee  for  information,  if 
they  have  formed  a  typical  cross-section  of  roadbed,  with  ditches  ? 

Mr.  McNab : — We  have  not  gone  any  further  into  that  than 
was  decided  on  last  year,  that  after  the  widths  of  the  roadbed  are 
given,  outside  of  that  width  the  ditches  shall  be  formed,  the 
ditches  being  made  to  suit  special  conditions  in  various  parts  of 
the  country. 

The  President : — Paragraph  No.  7  will  be  considered  as 
adopted.  Similar  action  on  paragraph  No.  8  if  there  is  no  ob- 
jection. Paragraph  No.  9  is  now  before  the  Association.  Mr. 
McDonald  has  some  reference  to  this  paragraph  in  his  discussion. 

Mr.  McDonald : — I  move  that  paragraph  No.  9  be  amended 
as  follows :  Strike  out  the  words,  "even  with,"  on  the  first  line, 
and  substitute  the  words,  "close  to."  It  is  a  hardship  on^the  con- 
tractor to  be  required  to  cut  stumps  off  even  with  the  ground. 
It  is  almost  impossible  to  do  so. 

Mr.  Tye: — Will  Mr.  McDonald  explain  what  he  means  by 
"close  to" — is  it  two  or  three  inches  or  one  or  two  feet  ? 

]Mr.  INTcDonald : — I  would  be  willing  to  have  it  read  as  fol- 
lows :     "Stumps  shall  be  cut  off  within  one  foot  of  the  ground." 

Mr.  ]\IcNab : — Where  clearing  is  to  be  done,  the  ideal  con- 
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dition  is  that  the  ground  shall  be  left  in  as  clean  a  condition  as 
when  intended  for  cultivation,  and  not  only  for  appearance,  but 
also  for  convenience  in  afterwards  keeping  the  ground  clear  of 
small  growth,  and  we  should  try  to  attain  that  condition.  There 
is  no  doubt  that  a  scenic  line,  or  at  least  one  whose  roadway  is. 
pleasing  to  the  eye,  is  a  factor  in  the  development  of  passenger 
business,  and  if  we  can  cut  stumps  close  to  the  ground,  which  it 
is  possible  to  do,  we  should  have  that  as  our  ideal. 

Mr.  McDonald: — How  would  Mr.  McNab  go  about  cut- 
ting cypress  stumps  off  even  with  the  ground?  They  swell  out 
as  wide  as  seven  feet ;  you  can  not  without  great  difficulty  cut  them 
oft  within  a  foot  of  the  ground.  When  it  comes  to  side-hill  work, 
where  there  arc  trees  whose  roots  are  spread  out  on  the  surface 
of  the  ground,  if  I  were  a  contractor  and  saw  that  in  the  specifi- 
cation, I  should  double  my  price  on  clearing,  because  you  have 
to  saw  through  the  swell  of  the  stumps  and  roots  to  cut  them  off 
even  with  the  ground.  We  should  not  put  anything  in  our  spe- 
cifications which  we  do  not  intend  shall  be  carried  out  with  reason- 
able exactness. 

Mr.  Slifer: — My  first  experience  on  a  western  road  was 
clearing  up  an  old  right  of  way  which  the  contractor  had  left 
with  stumps  two  and  three  feet  high.  It  was  a  swampy  country 
in  Wisconsin,  and  cost  the  railroad  company  a  large  sum  of 
money  to  remove  these  stumps.  Every  engineer  is  interested  in 
having  the  stumps  cut  close  to  the  surface  of  the  ground.  Rail- 
roads are  built  for  different  purposes ;  if  the  road  is  a  logging 
road,  the  stumps  do  not  need  to  be  cut.  It  is  better,  however,  to 
have  it  done,  because  some  day,  when  the  stumps  must  be  cut  out, 
it  will  be  a  matter  of  considerable  expense,  and  I  do  not  think 
there  is  any  real  difficulty  in  the  contractor  cutting  the  stumps  off 
close  to  the  surface  of  the  ground.  I  have  seen  it  done  repeatedly 
in  Wisconsin. 

Mr,  McDonald : — The  gentleman  is  using  the  very  w^ords  I 
have  moved  to  substitute — he  says,  "close  to  the  surface  of  the 
ground."  The  report  of  the  Committee  says  that  stumps  shall 
be  cut  off  "even  with  the  ground." 

Mr.  Slifer: — It  is  a  distinction  in  which  I  can  see  no  dift'er- 
ence. 

Mr.  McDonald : — I  propose  a  difference  of  one  foot. 
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(Mr.  McDonald's  amendment  was  put  to  vote  and  lost.) 

The  President : — Any  further  discussion  on  paragraph  No. 
9?  Mr.  McDonald's  written  discussion  refers  to  another  point 
regarding  the  stakes. 

Mr.  McDonald : — That  amendment  depended  on  the  one 
which  has  just  been  lost,  and  there  is  no  necessity  for  putting  it 
in  now.  The  amendment  which  I  proposed  to  paragraph  No.  9  is 
as  follows:  "Where  clearing  is  to  be  done,  stumps  shall  be  cut 
off  close  to  the  ground.  Between  the  slope  stakes  of  embank- 
ments, no  stumps  shall  be  left  with  their  tops  closer  than  2^/2, 
feet  from  subgrade."  I  do  not  think  there  is  any  necessity  for 
acting  on  the  latter  half  of  this  proposed  paragraph,  as  the  first 
portion  was  not  agreed  to. 

Mr.  McNab:— As  I  understand  from  Mr.  McDonald's 
amendment,  he  proposes  to  leave  stumps  standing  between  the 
slope  stakes  of  embankments,  provided  they  do  not  reach  2^/2 
feet  from  subgrade.  The  language  of  the  specification  provides 
that  all  stumps  on  embankments  shall  be  perfectly  concealed, 
whereas  Mr.  McDonald's  amendment  might  in  some  instances 
allow  them  to  stand  up,  like  a  row  of  half-driven  piles,  through 
the  slope  of  the  embankment. 

Mr.  McDonald : — I  think  where  you  provide  that  the  entire 
right  of  way  shall  be  clear,  and  it  shall  be  done  by  cutting  the 
stumps  off  even  with  the  ground,  there  would  not  be  any  left  to 
stand  within  25^  feet  of  the  subgrade. 

(Paragraph  No.  9  was  adopted  as  recommended  by  the 
Committee. ) 

The  President: — We  will  now  consider  paragraph  No.   10. 

Mr.  Sullivan : — The  only  objection  I  have  to  paragraph  No. 
10  is  that  I  think  the  Committee  would  have  been  more  log- 
ical if  they  had  substituted  the  words  "300  feet,"  instead  of  "100 
yards."  The  latter  is  bringing  in  a  unit  which  is  not  used  very 
largely. 

Mr.  McNab: — The  Committee  will  accept  that. 

Mr.  Kelley : — I  want  to  ask  the  Committee  if  they  consid- 
ered in  calling  for  clearing  300  feet  in  advance  of  the  grading, 
that  all  the  original  cross-section  stakes  may  have  been  de- 
stroyed? I  note  in  Mr.  McDonald's  recommendations  here  he 
has  taken  cognizance  of  that,  and  he  says  the  work  of  clearing 
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should  be  kept  at  least  two  miles  in  advance  of  the  cross- 
sectioning. 

Mr.  T)'e: — If  the  gentleman  looks  at  the  recommendation  of 
the  Committee  closely,  he  will  see  that  it  says  the  work  of  the 
clearing  shall  be  kept  at  least  360  feet  in  advance  of  grading. 
That  might  not  suit  certain  conditions ;  they  might  want  it  cleared 
further  in  advance.  If  it  does  not  entail  any  hardship  on  the  con- 
tractor, there  is  no  reason  why  we  should  not  insist  on  greater 
distance.  In  mountainous  country,  with  many  cuts  and  fills  fol- 
lowing one  another  in  quick  succession,  the  contractor  comes  in 
and  starts  work  in  clearing  and  grading;  as  a  rule,  he  has  a  few 
men  good  at  clearing,  and  many  men  good  at  grading,  and  his 
idea  is  to  get  the  men  grading  as  fast  as  he  can,  and  if  he  keeps 
the  clearing  two  miles  in  advance  of  the  grading,  he  has  to  do 
a  lot  of  work  with  men  who  are  not  good  at  clearing.  As  soon 
as  it  is  possible  to  cross-section,  Ave  should  put  our  engineers  on 
and  do  the  cross-sectioning,  and  let  the  contractor  start  on  the 
grading.  I  think  if  it  is  at  least  300  feet  in  advance,  it  is  all  right. 
We  should  cross-section  our  cut  and  start  the  contractor  at  work 
grading.  Whereas,  if  we  insist  on  two  miles,  the  contractor  is 
under  great  hardship.  We  accept  the  fact  that  the  cross-section- 
ing must  be  done  after  the  clearing  is  done.  It  could  not  be  done 
before,  as  the  stakes  may  be  knocked  out.  Three  hundred  feet 
in  certain  cases  is  a  considerable  distance,  and  may  cost  consid- 
erable money  in  many  instances.  If  greater  distance  is  required, 
it  can  be  insisted  on  under  this  clause. 

Mr.  McDonald : — I  can  speak  from  bitter  experience  as  to 
cross-section  stakes  being  burned  up  by  the  clearers  after  the 
work  is  done.  It  is  almost  impossible  for  the  engineer  to  cross- 
section  in  wooded  country  unless  the  clearing  has  been  done,  and 
if  you  only  keep  the  clearing  300  or  400  feet  in  advance  of  the 
grading,  then  the  engineer  is  compelled  to  do  his  cross-sectioning 
in  the  woods.  The  stakes  are  frequently  destroyed,  which  gives 
rise  to  controversy  as  to  where  the  stakes  were,  what  the  depths 
of  the  cuts  and  fills  were,  etc.,  and  it  seems  to  me  some  provision 
should  be  made  whereby  the  clearing  should  be  done  far  enough 
in  advance  of  the  cross-sectioning  so  that  the  engineer  can  stake 
out  the  cross-sectioning  with  convenience  and  in  a  proper  manner. 
I  move  that  in  paragraph  No.  10  of  the  Committee's  report,  in 
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place  of  lOO  yards,  that  ''two  miles"  be  substituted,  and  also  that 
the  word  "grading"  at  the  end  of  the  clause  be  stricken  out,  and 
the  word  "cross-sectioning"  be  substituted. 

Mr.  Slifer : — Is  not  the  contractor  going  to  sa}-  when  the 
railroad  shall  be  completed  ?  He  may  have  an  outfit  tied  up  until 
such  time  as  he  can  conveniently  attend  to  other  work.  He  takes 
a  contract  to  do  the  work  in  a  certain  time.  The  engineer  is  wait- 
ing to  do  the  cross-sectioning,  but  can  not  do  any  until  the  clear- 
ing is  completed,  and  the  contractor  takes  a  good  deal  of  time  to 
clear  two  miles. 

Mr.  Kelley : — Is  not  the  distance  of  two  miles  too  great  a 
step  in  the  opposite  direction  ?  Is  it  not  proper  to  retain  the  word 
"grading"  and  not  allow  the  engineer  to  delay  his  cross-section- 
ing? It  seems  to  me  that  the  engineer  has  a  duty  to  perform  in 
cross-sectioning  work  ahead  of  the  grading  in  ample  time  for  the 
contractor,  but  I  think  the  contractor  also  has  a  duty  to  perform 
in  clearing  the  right  of  way  far  enough  in  advance  of  his  oper- 
ation to  enable  the  engineer  to  set  his  cross-section  stakes.  I 
should  disapprove  of  the  distance  being  set  at  two  miles,  but  I 
believe  we  could  increase  the  loo  yards  to  a  quarter  of  a  mile,  or 
a  half  mile,  although  that  is  rather  long.  I  believe  that  it  would 
be  advantageous  to  retain  the  form  of  this  paragraph,  and  simply 
increase  the  distance. 

Mr.  McNab: — I  ask  \\hat  objection  the  mover  of  the  amend- 
ment has  to  300  feet,  when  it  is  qualified  by  the  two  words  pre- 
ceding, "at  least,"  which  gives  the  railroad  company  an  oppor- 
tunity to  make  the  distance  anything  it  pleases,  two  miles  in  some 
cases,  half  a  mile  in  other  cases,  or  300  feet  in  some  cases.  Let 
us  get  down  to  a  minimum. 

Mr.  McGuigan : — I  am  not  an  engineer,  but  to  harmonize 
the  dififerent  opinions  it  seems  to  me  the  paragraph  might  be 
amended  something  like  this :  "The  work  of  clearing  shall  be  kept 
sufficiently  in  advance  to  avoid  delay  to  the  work  of  cross-sec- 
tioning and  grading."  The  engineer  in  charge  would  have  abso- 
lute authority  to  say  how  far  ahead  the  clearing  should  keep. 
If  you  fix  a  distance  of  at  least  300  feet,  the  contractor 
might  clear  only  that  much,  and  I  am  sure,  from  past  observation, 
that  300  feet  would  not  give  the  engineer  sufficient  room  to  do 
his  work. 
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Mr.  Sullivan: — Mr.  McGuigan  has  only  added  one  more 
trouble  to  the  eng^ineer.  It  is  now  specific,  but  under  the  last 
amendment,  the  contractor  would  come  up  and  say:  "There  is 
ten  feet,  and  that  is  sufficient  for  the  engineer  to  work  in." 

Mr.  ]\IcGuigan : — If  the  engineer  has  the  necessary  tact  and 
qualifications,  he  will  readily  convince  the  contractor  he  has  not 
sufficient  room  and  will  have  his  way  about  it.  If  he  can  not  do 
so,  he  should  not  be  in  charge  of  the  work, 

Mr.  Tye : — I  like  paragraph  No.  lo  as  it  is,  and  am  quite 
satisfied  with  it.  If  you  accept  Mr.  McGuigan's  modification,  it 
leaves  too  much  to  be  settled  on  the  ground.  Three  hundred  feet 
is  not  asking  too  much  of  a  contractor.  He  can  certainly  keep  that 
far  in  advance,  and  could  not  claim  the  engineers  are  not  giving 
him  plenty  of  leeway,  if  he  keeps  300  feet.  At  the  same  time, 
two  miles  is  too  far,  and  you  are  asking  too  much  of  the  con- 
tractor. I  should  not  object  to  making  it  i,(X)0  feet,  but  have 
strong  objections  to  two  miles.  I  would  rather  have  it  300  feet 
than  1,000  feet. 

Mr.  INIcNab : — The  word  "delay"  might  mean  an  hour  or  a 
week.  The  contractor's  idea  and  the  engineer's  idea  of  what  con- 
stitutes delay  might  be  very  different. 

Mr.  Slifer : — The  distance  stated  in  paragraph  No.  10  is  the 
minimum ;  the  maxinnim  can  be  what  3'ou  desire,  but  the  mini- 
mum must  be  preserved. 

(Mr.  McGuigan's  amendment  was  put  to  vote  and  lost.) 

]\Ir.  Alontfort: — I  move  to  substitute  1,000  feet  in  place  of 
300. 

(The  amendment  was  seconded  and  adopted.) 

The  President : — Paragraph  No.  1 1  is  now  under  consid- 
eration. 

Mr.  Gushing : — I  move  that  after  the  word  "cord"  at  the  end 
of  the  paragraph,  the  words  "of  128  cubic  feet"  be  added. 

Mr.  McNab  > — It  was  the  Committee's  idea  to  make  that  addi- 
tion of  128  feet. 

Mr.  Slifer: — I  believe  we  have  a  certain  place  in  a  contract 
providing  for  a  price  for  every  character  of  labor.  We  are  intro- 
ducing a  price  in  the  specification.  I  would  strike  out  that  entire 
line  and  simply  indicate  that  a  cord  shall  be  128  cubic  feet.  I  do 
not  think  this  is  the  place  for  prices. 
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Mr.  Berg : — I  had  the  same  point  in  mind,  and  questioned  it. 
The  proper  place  to  mention  a  price  would  be  in  the  list  of  prices, 
unless  it  is  the  intention  of  the  Committee  that  this  shall  be  an 
established  price  on  the  road,  as  in  the  case  of  some  fixed  price, 
such  as  for  ties  and  other  classes  of  material.  A  blank  might  be 
left  in  this  case,  and  anyone  using  the  specification  would  fill  it 
out  in  printing. 

Mr.  McNab : — It  was  the  intention  of  the  Committee  that  this 
special  service  of  cutting  this  wood  and  piling  it,  which  entails 
quite  an  amount  of  labor,  should  be  paid  for  independently  of  the 
work  of  clearing.  It  requires  considerable  labor,  and  it  is  thought 
it  would  be  the  simplest  form  of  payment  to  make  it  at  so  much  a 
cord.  The  idea  of  putting  it  in  the  particular  clause  was  to  let  the 
contractor  see  he  was  going  to  be  paid  for  it  in  that  way. 

Mr.  McDonald : — After  the  word  "service"  I  move  that  the 
following  be  substituted :  "Payment  will  be  made  by  the  cord  of 
128  feet."  The  last  part  of  the  paragraph  will  read,  "For  which 
service  payment  will  be  made  by  the  cord  of  128  feet." 

(Mr.   McDonald's   amendment  was   carried.) 

The  President: — We  will  now  consider  paragraph  No.  12. 

Mr.  McNab : — I  desire  to  say  the  Committee  wishes  to 
amend  paragraph  No.  12  by  changing  the  word  "and"  to  the 
word  "or"  in  the  second  line  of  the  paragraph. 

Mr.  McDonald : — In  regard  to  the  sentence  in  the  para- 
graph, "Except  that  in  localities  where  buildings  exist,  a  special 
price  will  be  made  for  such  work,"  I  would  say  that  there  may  be  a 
large  building  which  has  to  be  moved  off  the  ground  by  rolling. 
Do  I  understand  the  Committee  that  the  contractor  will  be  paid  by 
the  square  of  one  hundred  feet  for  that  work? 

Mr.  Tye : — I  think  in  the  case  quoted  by  Mr.  McDonald, 
where  there  was  one  large  building,  it  should  be  paid  for  in  the 
usual  way  by  the  square  of  100  feet.  The  contractor  examines  the 
conditions  which  exist  before  he  takes  the  contract.  It  should  be 
shown  on  the  plan.  He  knows  what  is  there,  and  I  do  not  see  why 
his  price  per  square  of  100  feet  should  not  cover  it. 

Air.  A.  S.  Baldwin: — I  move  the  three  words  "in  large 
numbers,"  be  eliminated.  There  is  room  for  controversy  between 
the  contractor  and  engineer  as  to  how  many  buildings  constitute  a 
large  number,  whereas    the  elimination  of  these  three  words  will 
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make  that  part  read,  "Where  buildings  exist,  a  special  price  will 
be  made  for  such  work."  It  is  not  customary  to  have  buildings 
removed  under  the  ordinary  clause  which  covers  clearing.  I  also 
suggest  that  the  word  "buildings"  after  the  word  "fences"  in  the 
beginning  of  the  paragraph   be  left  out. 

(Mr.  Baldwin's  amendment  was  agreed  to.) 
Mr.  W.  S.  Thompson  (Pennsylvania)  : — Does  not  that  special 
price  apply  to  fences  and  other  movable  property?     "A  special 
price  shall  be  paid  for  such  work,"  and  that  refers  to  fences  and 
other  movable  property. 

Mr.  A.  S.  Baldwin : — A  suggestion  was  made  that  the  last 
clause  be  made  a  separate  sentence,  and  the  words  "except  that" 
be  left  out.  That  makes  the  sentence  read,  "In  localities  where 
buildings  exist  a  special  price  will  be  made  for  such  work." 

Mr.  McNab: — We  substitute  the  words  "their  removal"  for 
"such  work." 

The  President: — As  amended,  paragraph  Xo.  12  will  read  as 
follows:  "Fences  and  other  movable  property  on  the  right  of 
way  shall  be  carefully  removed  or  piled,  as  may  be  directed  by  the 
engineer,  without  extra  charge,  it  being  understood  that  the  price 
for  clearing  covers  these  items.  In  localities  where  buildings 
exist  a  special  price  will  be  made  for  their  removal." 
We  will  now  consider  paragraph  No.  13. 
Mr.  McDonald: — I  move  that  all  of  paragraph  No.  13,  after 
the  word  "cleared,"  on  the  third  line,  be  stricken  out.  This 
amendment  is  founded  on  the  belief  that  railroad  companies  should 
provide  all  the  land  necessary  for  building  the  railroad,  and  it  is 
also  founded  on  the  idea  that  all  excavations  should  be  measured 
in  place.  You  can  not  get  a  decently  made  excavation  unless  you 
get  it  cleared,  and  you  can  not  get  it  properly  cleared  unless  you 
pay  the  contractor  for  it. 

Mr.  Slifer : — The  reason  that  particular  paragraph  was  sub- 
mitted as  a  part  of  the  Committee's  report  was  to  cover  the  idea 
that  at  times  there  are  certain  borrow  pits  on  the  right  of  way 
which  are  not  available  to  the  contractor.  This  may  be  due  to  the 
fact  that  after  the  contract  has  been  let,  water  covers  the  ground. 
In  swamp  lands  particularly  it  is  frequently  the  custom  among 
contractors  to  request  permission  to  go  into  some  sand  cut  at  the 
end  of  a  swamp  and  haul  material  into  the  fill,  avoiding  the  bor- 
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rowing  of  material,  where  the  grubbing  is  particular!}'  bad.  The 
object  was,  if  the  contractor  did  anything  of  that  character 
outside  of  the  company's  right  of  way,  it  would  have  to  be  at  his 
own  expense.  It  is  the  idea  of  the  Committee  that  the  railroad 
company  shall  provide  all  the  necessary  right  of  way,  both  for 
the  construction  of  the  railroad  and  also  for  any  borrow  pits  that 
may  be  needed ;  but  where  a  contractor  desires  to  avoid  borrowing 
material  in  places  of  this  character,  he  is  given  permission  to  go 
outside  at  his  own  expense. 

Prof.  Taylor : — In  paragraph  No.  49  you  say,  "Borrow  pits 
shall  not  be  excavated  before  they  have  been  staked  out  and  cross- 
sectioned  by  the  engineer."  If  your  engineer  stakes  out  the  bor- 
row pit,  I  do  not  see  why  the  contractor  should  not  be  paid  for 
his  work  here  as  well  as  elsewhere. 

~Slv.  Slifer : — The  method  of  laying  the  stakes  does  not  mean 
you  have  to  stake  to  the  exact  limit ;  but  if  your  borrow  pit  is  of  a 
certain  shape,  you  must  have  definite  posts. 

Mr.  McDonald : — Mr.  Chairman,  my  amendment  should  have 
been  preceded  by  one  I  intended  to  introduce  at  the  beginning  of 
the  item  of  "Clearing,"  paragraph  No.  6,  and  I  think  that  w^ould 
make  Mr.  Slifer's  explanation  more  clear,  and  that  is  as  follows : 

"A  right  of  way  feet  on  each  side  of  the  center  line  and 

additional  widths  for  borrow  pits,  waste  banks  and  station 
grounds  will  be  provided  by  the  railway  company  as  promptly  as 
possible.  The  contractor  is  at  liberty  to  make  such  use  of  the 
lands  and  material  thereon  as  may  be  approved  by  the  engineer, 
but  any  trespassing  by  his  agents  beyond  the  limits  of  the  said 
right  of  way  will  be  at  the  contractor's  expense,  and  he  shall  hold 
the  railway  harmless  from  all  claims  on  such  account."  That 
clause  being  introduced  in  advance  of  this  amendment  would  ex- 
plain more  fully  the  amendment  I  propose. 

Mr.  Slifer: — In  that  connection  I  wull  sav  that  the  phraseol- 
ogy that  is  usually  included  in  the  contract  is  part  of  the  legal 
phraseology,  and  for  that  reason  we  did  not  include  it. 

(The  amendment  to  strike  out  all  words  after  the  word 
"clear"  in  paragraph  No.  13    was  carried.) 

The  President: — Paragraph  No.  14  is  before  you.  There 
being  no  objection  to  the  paragraph,  it  will  stand  as  recommended 
by  the  Committee. 
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(There  being  no  objections,  paragraphs  Nos.  15,  16  and  17 
were  passed  without  amendment.) 

The  President:- — Is  there  any  objection  to  No.  18? 

]\Ir.  McDonald : — I  move  that  paragraph  No.  18  be  changed 
to  read  as  follows :  "Measurements  of  grubbing  executed  undec 
the  direction  of  the  engineer  shall  be  estimated  upon  all  exca- 
vations, and  the  space  to  be  covered  by  all  embankments  of  2j/^ 
feet  in  height,  or  less,  payment  for  the  same  to  be  by  the  square 
of  100  feet,  or  fraction  thereof,  actually  grubbed."  That  amend- 
ment is  founded  on  the  idea  that  the  contractor  ought  to  be  paid 
separately  for  the  grubbing,  because  the  class  of  work  accom- 
plished will  be  much  better,  and  you  can  not  secure  the  proper 
carrying  out  of  excavations  for  measurement  of  quantities  unless 
grubbing  is  done. 

Mr.  McNab : — In  deep  cuts,  of  course,  the  stumps  are  under- 
mined and  fall  of  their  own  accord  and  the  contractor  is  actually 
paid  for  them — in  common  excavation,  that  is,  the  cubic  space 
occupied  in  the  cut — so  why  pay  again  in  grubbing?  The. stumps 
will  be  hauled  away  in  any  case,  and  there  is  no  more  expense  in 
hauling  them  away  after  they  have  tumbled  down  in  the  cutting 
than  as  they  were  on  the  surface  of  the  ground. 

Mr.  McDonald: — I  can  not  let  the  gentleman's  statement 
stand,  that  in  deep  cuts  the  stumps  are  undermined  and  fall.  That 
is  not  always  the  case.  Deep  cuts  are  often  worked  by  wheel 
scrapers  and  the  surfaces  grubbed  beforehand. 

Mr.  McNab: — Is  it  not  a  question  which  is  the  best  practice 
where  you  have  a  deep  cut,  to  start  in  grubbing  beforehand  or  wait 
until  you  get  scrapers  and  other  plant  at  work?  I  think  that  is 
the  main  question,  and  it  seems  to  me  the  main  difference  between 
the  amendment  and  the  clauses  in  the  specifications  is  the  ques- 
tion of  payment  for  grubbing  in  borrow  pits. 

Mr.  McDonald  : — That  is  exactly  the  point  I  want  to  cover, 
not  only  grubbing  in  borrow  pits,  but,  of  course,  I  think  the 
report  includes  grubbing  in  excavation,  does  it  not? 

Mr.  McNab :— Of  a  certain  depth. 

Mr.  McDonald : — My  idea  was  to  pay  the  contractor  for 
everything  that  he  does,  so  that  you  will  be  able  to  enforce  the 
proper  execution  of  it. 

Mr.  Tye : — I  am  quite  willing  to  stand  by  the  Committee's 
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report ;  still,  I  must  confess  I  have  a  good  deal  of  sympathy  with 
what  Mr.  McDonald  says.  I  can  not  recollect  any  case  in  my  ex- 
perience where  the  price  paid  for  grubbing  was  sufficient  to  cover 
it.  I  do  not  know  whether  that  is  the  experience  of  others  or  not, 
but  it  unfortunately  happens  that  the  price  for  grubbing  is  always 
too  low,  and  it  must  be  made  up  in  some  other  way,  and  if  you 
pay  for  a  greater  amount  of  grubbing,  the  grubbing  costs  you 
more  in  the  end  than  it  would  otherwise,  but  not  more  than  it 
actually  costs  the  contractor.  I  think  each  item  should  stand  by 
itself  and  pay  for  itself.  Grubbing  should  certainly  pay  for  itself 
and  not  be  dependent  on  the  grading. 

(The  amendment  was  carried.) 

The  President: — Paragraph  No.  19  is  now  under  considera- 
tion.    Is  there  any  objection  to  the  paragraph? 

Mr.  Berg: — In  paragraph  No.  19,  I  would  like  to  ask  for 
information  of  the  Committee,  how  they  dispose  of  the  wet  excava- 
tion in  heavy  foundation  pits ;  whether  this  term  "excavation 
pits,"  under  the  head  of  grading,  refers  to  deep  foundations.  I 
would  assume  that  the  definition  of  grading  is  preliminary  to  the 
classification  which  follows,  which,  of  course,  all  relates  more  or 
less  to  dry  excavation. 

Mr.  McNab: — The  Committee  had  not  wet  excavation  in 
view  in  designing  this  clause.  They  considered  it  properly  be- 
longed to  the  Masonry  Committee ;  that  if  masons  have  special 
work  to  do,  they  generally  prefer  to  attend  to  their  own  founda- 
tions, and  this  wet  excavation  would  more  properly  come  under 
the  jurisdiction  of  that  Committee. 

The  President : — Is  there  any  objection  to  No.  19?  If  not,  it 
will  stand  approved  as  printed.  I  think  probably  we  have  acted  on 
Nos.  20,  21,  22  and  23,  and  it  will  be  unwise  to  take  any  more  time 
in  discussing  them  at  this  time,  and  unless  someone  has  some 
special  reason  for  doing  so,  we  will  pass  to  No.  24.  Any  objec- 
tion to  No.  24?  No.  24  will  stand  approved  as  written.  No.  25 
is  before  you.  If  there  is  no  objection,  it  will  stand  approved. 
No.  26  is  now  under  consideration. 

Mr.  McNab: — The  Committee  have  a  change  to  make  in 
paragraph  No.  26.  In  the  fifth  line  from  the  top  it  says,  'Tf  such 
results  are  unavoidable."  The  Committee  desires  to  amend  that 
by  substituting  the  words,  "in  all  cases." 
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The  President: — It  will  then  read:  "In  all  cases  the  surplus 
material  shall  be  removed  by  the  contractor."  No.  26  will  stand 
approved  as  modified.    Any  objection  to  No.  27? 

Mr.  Berg: — I  will  call  attention  to  the  word  "contiguous." 
Looking  up  the  definition  of  the  word  in  the  dictionary,  it  ap- 
pears to  confine  it  to  embankment,  neighboring  or  adjoining.  It 
might  be  some  material  would  be  dumped  across  a  small  second 
cut  and  deposited  in  an  embankment  beyond  the  second  cut.  I 
think  the  word  "contiguous"  might  give  cause  for  disputes  over 
material  deposited  in  an  embankment  other  than  immediately  ad- 
joining the  excavation. 

The  President: — Have  the  Committee  anything  to  say  in 
regard  to  the  word  "contiguous  ?" 

Mr.  McNab : — If  a  better  word  can  be  found,  the  Committee 
have  no  objections. 

The  President: — Can  you  suggest  a  better  word,  Mr.  Berg? 

Mr.  Berg : — Leave  out  the  word  entirely. 

The  President: — Will  the  Association  accept  Mr.  Berg's 
suggestion  to  leave  out  the  word  entirely? 

Mr.  McNab: — Is  that  in  place  of  the  word  "contiguous?" 

The  President : — "Where  the  quantity  of  excavation  exceeds 
that  required  to  make  up  the  embankment  at  standard  cross- 
sections." 

Mr.  McNab :— Yes. 

The  President: — Any  other  objection  to  No.  27?  It  will 
stand  approved  as  amended.  If  there  is  no  objection  to  No.  28  it 
will  stand  approved.    Paragraph  No.  29  is  now  before  you. 

Mr.  Berg : — In  this  paragraph  the  term  "adjacent  embank- 
ment" is  used.     I  move  the  word  "adjacent"  be  left  out. 

The  President : — Do  the  Committee  accept  that  amendment  ? 

Mr.  McNab:— Yes. 

The  President: — If  there  is  no  further  objection  to  para- 
graph Na.  29,  leaving  out  the  word  "adjacent,"  it  will  stand  ap- 
proved as  amended.  Paragraphs  Nos.  30,  31  and  32  will  stand 
approved.    Any  objection  to  No.  33? 

Mr.  ]\IcNab : — Is  it  in  order,  Mr.  Chairman,  to  anticipate  an 
amendment  to  this  paragraph  on  the  part  of  the  Committee,  be- 
cause on  reference  to  the  general  printed  amendment  in  the  rule, 
the  word  "erosion"  is  used  instead  of  "abrasion?"     That  applies 
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also  to  the  next  paragraph.  We  will  substitute  the  word  ''erosion" 
there  also. 

Mr.  Kelley: — I  move  that  the  word  "adjacent"  be  left  out. 
In  the  other  paragraphs  "contiguous"  and  "adjacent"  are  used, 
and  now  you  use  "adjoining." 

Mr.  McNab : — It  is  necessary  in  that  case,  Mr.  Kelley. 

The  President : — No.  33  will  stand  as  amended.  Any  objec- 
tion to  No.  34?    We  really  ought  to  make  the  same  change  there. 

Mr.  McNab : — The  Committee  will  make  a  further  amend- 
ment and  harmonize  the  two  words.  In  clause  33,  which  says 
■"adjacent,"  "adjoining-,"  and  clause  34.  "adjacent  embankment," 
I  think  we  will  change  that  to  "adjoining  embankment"  in  each 
case.     In  clause  34  the  word  "adjacent"  becomes  "adjoining." 

The  President: — If  there  is  no  other  objection  to  No.  34  it 
will  stand  as  amended,  by  changing  the  word  "abrasion"  to 
"erosion"  and  changing  the  word  "adjacent"  to  "adjoining." 

Paragraphs  Nos.  35  and  36  will  stand  approved  as  written. 
Any  objection  to  No.  37? 

Prof.  Taylor: — I  move  to  amend  as  follows:  "In  construct- 
ing any  embankment,  except  one  built  from  rock  excavation,  no 
back  dumping  from  carts  or  cars  is  to  be  allowed ;  but  if  the  em- 
bankment is  not  built  in  layers,  as  above  described,  it  is  to  be  so 
sloped  that  the  teams  will  continually  pass  over  the  material  as 
soon  as  it  is  dumped.  Embankment  shall  not  be  built  with 
wheelbarrows  nor  grading  machines  unless  the  earth  is  rolled  in 
with  a  roller,  nor  by  casting  or  any  other  process  which  does  not 
thoroughly  pack  the  material,  except  in  case  of  an  embankment 
constructed  by   dumping  cars   from   a   trestle." 

(The  motion  was  not  seconded.) 

The  President : — Paragraphs  Nos.  37,  38,  39  and  40  will 
stand  approved  as  written.     Any  objection  to  No.  41? 

Mr.  McDonald : — I  move  that  at  the  end  of  paragraph  No. 
41,  "keeping  the  outer  edges  higher  than  the  center,"  be  inserted. 

The  President : — The  question  is  open  for  discussion. 

Mr.  Slifer: — There  is  a  very  serious  objection  to  that  method 
of  constructing  an  embankment.  There  comes  a  day  when  you 
are  running  fast  trains  over  it,  and  you  will  find  your  embankment 
has  a  pocket  in  it  that  is  holding  water.  We  want  to  fight  that 
■very  condition. 
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Mr.  McDonald  : — I  can  speak  from  quite  an  extended  per- 
sonal experience  on  that  point.  I  find  that  where  you  fill  trestles 
and  scrape  the  material  out  from  it  as  it  is  unloaded,  if  you  keep 
the  outside  of  your  embankment  ,above  the  center,  the  water  goes 
to  the  middle,  your  slopes  are  preserved,  and  when  the  embank- 
ment is  completed  to  the  top  you  can  dig  the  timber  out  and  it 
will  not  settle  injuriously.  I  have  demonstrated  that  on  a  65-foot 
fill.  Perhaps  it  may  settle  in  years  to  come,  but  it  enables  you 
immediately  after  your  fill  is  completed  to  put  your  roadbed  on  the 
fill.  I  will  call  attention  to  the  fact  that  the  Committee  speaks  of 
this  practice  in  the  early  days,  and  I  must  say  that  I  can  not  agree 
with  the  Committee  that  that  embankment  is  going  to  hold  water, 
because  the  water  was  originally  allowed  to  go  toward  the  center 
when  it  was  being  built.  It  will  settle  a  great  deal  more  rapidly, 
but  when  it  gets  to  the  top  you  will  have  an  embankment  which,  if 
properly  sodded  as  it  comes  up,  will  prevent  any  more  water 
going  into  it,  and  it  will  not  take  very  long  for  what  water  is  in 
there  to  come  out. 

(By  letter. — The  experience  referred  to  in  above  remarks 
applies  to  sandy  soils.  It  is  probable  that  in  heavy  clay  soil  it 
would  be  best  to  keep  the  middle  highest.  Scraping  out  after 
dumping  should  be  done  in  all  cases.) 

Mr.  Slifer : — The  gentlemen  who  have  had  anything  to  do 
with  railroads  in  Missouri,  Illinois  and  Wisconsin  during  the  past 
wet  season,  I  think,  will  bear  me  out  that  they  are  hunting  for 
reasons  why  embankments  are  sloughing  off. 

Mr.  Kolnver : — Wc  did  fill  in  a  44-foot  embankment  from  a 
trestle  and  we  are  to-day  still  making  up  the  slides,  because  the 
center  forms  a  cDne  upon  which  the  new  and  additional  material 
slides,  and  if  the  material  is  not  hauled  out  to  the  sides  the  cen- 
ter becomes  much  more  compact  than  the  sides  and  a  continuous 
slide  is  the  result.  To  avoid  this  it  is  necessary  that  the  material 
be  hauled  out  to  the  sides,  on  a  level  at  least.  I  think  that  is  the 
proper  way  to  construct  it. 

(The  motion  to  amend  was  not  carried.) 

The  President : — If  there  is  no  further  objection  to  No.  41,  it 
will  stand  approved  as  written.  Paragraph  No.  42  is  approved  if 
there  is  no  objection.     Xo.  43  is  now  before  you. 

Mr.  Berg: — Paragraph  No.  43  says,  "The  top  of  embank- 
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ment  must  be  compact."  Ought  that  not  also  to  inckide  cutting? 
I  have  nowhere  in  the  specifications  found  any  reference  to  cut- 
ting.    Was  it  the  intention  of  the  Committee  to  leave  that  out? 

Mr.  McNab : — The  Committee  will  approve  substituting  the 
word  "subgrade"  for  "the  top  of  embankments."  The  clause  will 
then  read:  "Subgrade  must  be  compact  and  finished  to  a  true 
plane,  with  no  depression  that  will  hold  water." 

The  President : — No  objection  to  No.  43  as  amended  by  the 
Committee?  If  not,  it  will  stand  approved  as  amended.  No.  44 
will  stand  approved,  unless  there  is  objection.  No.  45  is  open 
for  discussion. 

Mr.  Berg : — This  brings  up  the  question  whether  the  railroad 
company  should  provide  land  for  borrow  pits  or  not.  I  move  that 
this  paragraph  be  amended  to  read:  "Land  for  borrow  pits  or 
waste  banks  shall  be  provided  by  the  railroad  company." 

Mr.  J.  B.  Berry  (Union  Pacific)  : — At  the  time  of  purchas- 
ing right  of  way  it  is  always  understood  that  additional  land  is  to 
be  provided  for  borrow  pits.  The  railroad  company  can  always 
secure  it  at  that  time  for  a  nuich  lower  price  than  after  the  con- 
tractor has  gone  to  work. 

Mr.  Slifer: — I  simply  desire  to  repeat  my  previous  remarks 
on  this  same  subject.  It  sometimes  occurs  that  a  contractor  pre- 
fers to  borrow  material  outside  of  the  borrow  pits  the  railroad 
company  has  provided.  Under  these  circumstances  the  contractor 
should  provide  his  own  borrow  pits. 

(Mr.  Berg's  amendment  was  carried.) 

The  President: — Paragraph  No.  45,  as  amended,  will  read: 
"Land  for  borrow  pits  or  waste  banks  will  be  provided  by  the 
railroad  company."     Any  objection  to  No.  46? 

Mr.  Berg: — The  term  "if  necessary"  in  No.  46  is  somewhat 
indefinite  as  to  who  is  to  decide.  I  move  it  be  made  to  read,  "if 
necessary  in  the  opinion  of  the  engineer." 

The  President : — Will  the  Committee  accept  that  ? 

Mr..  McNab:— No  objection  to  that. 

The  President : — No.  46  will  stand  approved  as  amended. 
Paragraphs  Nos.  47,  48,  49,  50,  51  and  52  will  stand  approved 
unless  there  is  objection.     Any  objection  to  No.  53? 

Mr.  Davis: — I  can  not  agree  with  the  Committee  in  para- 
graph No.  53.     I  believe  the  more  closely  the  work  to  be  done  is 
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defined  the  better  the  bids  obtained.  No  contractor  will  figure 
out  the  haul  and  divide  by  total  number  of  yards  to  be  handled  to 
get  the  price  per  yard  he  can  bid.  He  will  lump  it,  with  the  result 
that  his  bid  will  make  the  work  cost  more  than  if  the  overhaul  is 
figured  at  the  usual  rate.  There  is  no  reason  that  I  know  of  why 
the  overhaul  can  not  be  figured,  nor  any  advantage  in  making  flat 
rate  without  overhaul,  except  to  relieve  the  engineer  of  some 
office  work.    I  therefore  move  that  the  paragraph  be  stricken  out. 

(The  motion  to  strike  out  the  paragraph  was  lost.) 

Mr.  A.  S.  Baldwin : — I  would  like  to  make  an  amendment  to 
that.  "It  is  distinctly  understood  that  the  contract  price  per  cubic 
foot,  or  cubic  yard,  is  to  be  so  much  unless  otherwise  specified." 
Will  the  Committee  accept  that  amendment? 

Mr.  Slifer: — If  it  is  the  desire  of  any  engineer  in  charge  of 
a  piece  of  work  to  provide  for  overhaul,  all  he  has  to  do  is  to 
draw  his  pencil  through  paragraph  No.  53.  We  are  simply  sub- 
mitting what  we  consider  the  best  practice. 

(The  motion  to  insert  the  words  "unless  otherwise  specified" 
at  the  end  of  the  first  line  was  carried.) 

The  President: — Paragraphs  Nos.  54,  55,  56,  57  and  58  will 
stand  approved  as  written.    Any  objection  to  No.  59? 

Mr.  Montfort : — Before  No.  59  is  passed  I  would  like  to  ask 
why  it  is  there  is  a  difiference  in  rock  cuts  if  excavated  a  foot 
below  grade,  whereas  in  the  tunnel  they  simply  pick  the  grade. 

The  President: — In  the  written  discussion  presented  there  is 
a  suggestion  made  changing  No.  59. 

Mr.  Slifer : — In  view  of  the  fact  that  we  have  not  changed  the 
classification,  the  written  classification  falls  by  default,  does  it  not? 

Mr.  McDonald : — That  does  not  apply.  The  reason  I  did  not 
call  attention  to  it  was  that  I  thought  the  Committee  would  accept 
it.  Where  it  speaks  of  "rock  protuberances"  I  propose  to  sub- 
stitute the  word  "projections,"  in  clause  58.  In  clause  59  it  does 
not  make  any  difiference  particularly.  I  believe  the  words  of  the 
Committee  are  "pieces  of  rock,"  but  I  must  say  I  think  "projec- 
tions" would  answer  the  purpose  better  than  "rock  protuberances." 

Mr.  McNab : — What  difference  is  it  going  to  make  whether  it 
is  rock  projections  or  rock  protuberances  ? 

The  President : — Mr.  McDonald  has  left  out  the  word  "rock" 
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also.  It  reads,  "Xo  projections  will  be  allowed  inside  of  the  gen- 
eral lines  of  the  section." 

Mr.  McXab : — It  is  assumed  that  this  is  an  unlined  tunnel. 

The  President : — Xo.  59  will  stand  approved  as  written.  Any 
objection  to  Xo.  60? 

The  President : — \M11  the  Committee  be  kind  enough  to 
write  the  paragraph  over  in  its  modified  form?  We  can  pass  to 
No.  60.  In  the  written  discussion,  the  words  ''insecure  material" 
are  used  instead  of  "insecure  pieces  of  rock."  I  think  we  ought  to 
go  into  full  discussion  on  these  subjects.  X^o.  60  stands  approved 
as  written.    Any  objection  to  X^o.  61  ? 

Mr.  Berg: — I  think  there  is  quite  a  defect  in  paragraph  X^o. 
61.  Such  an  important  matter  as  the  question  of  payment  of  ex- 
cess tunnel  excavation  outside  of  the  cross-section  should  not  be 
left  practically  undetermined,  namely,  unless  "in  the  opinion  of 
the  engineer  the  conditions  are  unusual,  and  the  character  of  the 
material  makes  it  impracticable  to  work  reasonably  close  to  the 
specified  lines."  There  was  a  lawsuit  in  Xew  York  City  over  the 
Aqueduct  tunnel  some  years  ago,  in  which  I  think  one  of  the  chief 
points  turned  on  something  similar  to  the  amount  of  payment 
outside  of  the  contour,  and  the  reason  that  lawsuit  had  some 
standing  was,  there  was  some  indefinite  term  used  in  the  specifi- 
cations, similar  to  this  one.  I  think  it  is  a  great  deal  better  to 
say  outright  you  will  not  pay  for  outside  excavation,  outside 
of  the  contour  lines,  or  that  you  will  pay  3  inches,  6  inches  or  a 
foot.  But  let  it  be  understood  how  far  you  are  going  to  pay. 
We  all  know  the  contractor  can  not  excavate  right  to  the  inch,  and 
either  have  it  understood  that  we  are  not  going  to  pay  him,  or 
that  we  are.  Unless  distinctly  defined,  it  opens  up  possible  law- 
suits and  misunderstanding.  I  will  make  this  motion :  '"Excava- 
tion in  excess  of  the  authorized  contour  will  not  be  paid  for  unless 
special  provision  is  made  in  the  contract  for  doing  so." 

Mr.  Berry : — I  would  like  to  add  as  an  amendment :  "Will 
not  be  paid  for  in  excess  of  the  excavation  outside  of  the  cross- 
section  of  the  tunnel."  On  the  Union  Pacific  recently,  in  build- 
ing a  tunnel,  there  was  paid  a  certain  amount  of  money  for  each 
day  it  was  finished  in  advance  of  the  time  specified  in  the  contract. 
The  contractor  went  in  and  shot  right  and  left.  It  was  a  question 
involving  the  good  judgment  of  the  engineer.     It  was  a  difficult 
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matter  to  adjust.  In  another  tunnel,  where  there  was  no  particu- 
lar haste,  a  good  many  questions  came  up  where  shps  and  slides 
were  unavoidable,  and  the  result  was  we  had  to  make  a  readjust- 
ment of  that.  If  we  remove  all  possibility  of  making  a  claim,  it 
seems  to  me  tlie  contractor  will  exercise  all  care  possible  under 
the  circumstances,  and  I  would  advise  leaving  out  payment  of  all 
material  outside  of  the  cross-section  of  the  tunnel. 

Mr.  Berg: — Personally,  I  prefer  no  payment  to  be  made 
outside  of  the  cross-sections. 

The  President : — It  is  moved  and  seconded  that  No.  6i  be 
amended  to  indicate  that  there  will  be  no  payment  for  material 
removed  outside  of  the  authorized  contour. 

Mr.  Slifer: — Strike  out  everything  after  the  word  "for"  in 
the  second  line. 

Mr.  Tye: — Will  Mr.  Berry  explain  to  me  what  he  would  do 
in  a  case  where  a  big  seam,  or  several  seams,  were  encountered, 
and  a  large  slide  of  very  many  yards  took  place,  where  it  was 
entirely  unavoidable?  It  seems  to  me  it  would  be  unfair  to  ask 
the  contractor  to  move  that  at  his  own  expense  when  he  was  not 
to  blame. 

]\Ir.  Berry : — In  paying  for  rock  excavation,  we  pay  for  the 
quantity  removed,  according  to  the  cross-sections.  If  the  con- 
tractor blasts  it  unnecessarily  heavy,  he  is  obliged  to  remove  all 
the  loose  rock  at  his  own  expense,  leaving  it  perfectly  safe.  Why 
not  apply  the  same  rule  to  tunnel  excavation,  where  the  temptation 
is  so  much  stronger  to  hurry  along  the  work  ?  Slips  and  slides  are 
likely  to  occur;  the  contractors  know  it.  and  that  is  one  of  the 
chances  they  take.  It  seems  to  me  we  want  to  confine  our  pay- 
ments to  just  what  we  know  is  right  and  let  them  assume  the 
responsibility  of  doing  their  work  accordingly. 

Mr.  Tye: — Mr.  Berry  has  not  quite  answ^ered  my  question. 
I  quite  agree  with  him,  where  there  are  slips  or  slides  or  extra 
excavations  due  to  heavy  shooting  on  the  part  of  the  contractor,  he 
should  not  be  paid  for  it ;  but  where  it  is  not  due  to  that,  but  to 
defects  in  the  rock,  and  large  slides  come  down,  and  we  all  know 
that  occurs,  should  you  not  leave  some  loophole  for  paying  for 
that  ? 

Mr.  Berry  : — I  should  say  "no ;"  the  temptation  is  too  strong. 
Pay  them  for  just  what  you  agree  to  and  not  any  more.     Of 
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course,  in  tunnel  work  seams  are  likely  to  occur  and  blasts  will 
throw  out  more  rock  than  the  contractor  expects,  but  if  you  open 
the  door  for  extra  payment,  the  temptation  will  be  to  do  just  what 
Mr.  Tye  speaks  of. 

Mr.  Tye: — Yes;  but  if  it  occurs  through  no  fault  of  his? 

Mr.  Churchill: — I  believe  that  we  should  remove  as  far  as 
possible  the  risks  that  we  impose  upon  a  contractor.  In  other 
words,  we  should  get  down  to  exact  figures  everything  that  is 
liable  to  come  up,  as  far  as  it  is  possible,  at  the  very  outset,  and 
everj-one  of  us  knows  it  is  impracticable  to  excavate  a  tunnel  to 
the  exact  lines  of  the  contour  agreed  upon,  and  therefore  there 
must  be  some  excess.  I  believe  the  contractors  should  be  paid 
for  that  excess,  but  should  be  paid  in  such  a  way  that  they  will 
not  be  inclined  to  exceed  the  contour  limits  any  more  than  it  is 
possible  to  do  so.  For  many  years  I  have  followed  this  practice  of 
setting  at  the  very  beginning  of  a  work  on  tunnel  excavation  a 
price  for  unavoidable  falls,  and  the  result  is  there  is  no  inclina- 
tion on  the  part  of  the  contractor  to  go  outside  of  the  lines.  If 
he  is  at  fault,  he  is  not  paid  anything,  but  if  he  does  his  work  in 
a  proper  and  systematic  manner  there  will  be  some  unavoidable 
falls  in  any  tunnel.  We  pay  him  just  about  rock  price.  I  let  six 
tunnels  within  the  last  two  weeks,  and  I  established  a  price  of  80 
cents  a  yard  for  unavoidable  falls.  I  would  make  a  motion,  if 
allowed  by  my  predecessor,  that  after  the  words  "specified  lines,"' 
"unavoidable  falls  shall  be  paid  for  at  the  price  hereinafter 
named:'' 

]\lr.  Berry : — I  would  like  to  ask  the  gentleman  whether  he 
could  not  have  secured  the  same  price  per  cubic  yard  and  not 
made"  extra  allowance  for  the  amount  outside  of  the  neat  section. 
We  got  bids  for  tunnels  recently,  and  found  we  got  just  as  good 
prices  per  cubic  yard  for  the  neat  section  as  if  we  allowed  a  price 
for  the  amount  taken  outside  of  it. 

Mr.  ^^^  B.  storey,  Jr.  (Atchison,  Topeka  &  Santa  Fe)  :— I 
have  had  a  great  deal  to  do  with  tunneling,  and  I  have  found  that 
the  contractor,  in  putting  in  his  figures,  makes  the  allowance  for 
the  amount  that  comes  outside  of  the  contour,  and  that  whatever 
figure  he  puts  in  for  that  full  contour  is  what  he  proposes  to  get, 
and  he  can  make  his  figures  in  that  way,  and  will  take  care  that 
he  does  not  take  out  more  than  is  absolutelv  necessarv. 
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]\Ir.  Tve: — I  am  wil!.-*.::  to  agree  on  what  Mr.  Berry  and  the 
last  speaker  have  said,  unocr  the  usual  conditions,  but  if  they  will 
read  over  clause  No.  6i  they  will  see  that  it  refers  to  only  where 
the  conditions  are  unusual  and  the  character  of  the  material 
makes  it  impracticable  to  work  close  to  the  specified  lines.  It  is 
possible  that  a  big  slide  may  occiu"  in  timnels  due  to  no  one's 
fault,  and  it  is  not  fair  to  ask  the  contractor  to  handle  that  at  his 
own  expense.     Clause  6i  provides  for  such  condit'ions. 

Mr.  Churchill: — I  renew  my  contention,  that,  granting  the 
Committee's  position,  then  we  had  better  state  at  the  very  outsCt 
what  that  figure  will  be  per  yard. 

Mr.  Berry : — I  want  to  prepare  the  members  by  saying  if 
they  are  going  to  pay  for  this  amount  of  material  outside  of  the 
section,  they  will  strike  another  snag  a  little  later  for  back-filling 
of  that  work,  which  adds  to  the  expense  of  it  very  materially. 

The  President: — The  latter  part  of  No.  6i  was  to  be 
amended  as  well. 

Mr.  Berry: — No,  sir.  My  understanding  was  to  let  it 
remain. 

Mr.  Berg: — I  accept  Mr.  Berry's  amendment.  My  original 
motion  read,  "Excavation  in  excess  of  the  authorized  contour  will 
not  be  paid  for  unless  special  provision  is  made  in  the  contract  for 
doing  so." 

The  President: — Then  it  will  read,  "Excavation  in  excess  of 
the  cross-section  will  not  be  paid  for.'^ 

(The  amendment  was  carried.) 

The  President : — We  will  go  back  to  No.  59.  The  Committee 
have  submitted  a  modification,  which  reads  as  follows :  "In  rock 
tunnels  the  material  must  in  all  cases  be  taken  out  12  inches  below 
subgrade  and  refilled  to  subgrade  with  material  approved  by  the 
engineer."  Any  objection  to  No.  59  as  rewritten?  If  not,  it  will 
stand  approved  as  rewritten.    Any  objection  to  No.  62? 

Mr.  Berg: — No.  62  says,  "Price  paid  for  tunnel  excavation 
shall  embrace  all  materials  between  the  outer  faces  of  the  two 
portals  and  shall  include  the  loosening,  loading,  transportation 
and  placing  of  the  material  in  embankment,  or  waste  bank,  as 
directed  by  the  engineer."  Does  that  mean  without  classification, 
only  one  price? 

Mr.  McNab: — The  Committee's  idea  was  that  there  should 
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be  no  classification  for  tunnel  excavation.    Take  it  as  you  find  it. 

Mr.  Montfort : — I  would  like  to  ask  if  the  contractor  would 
be  paid  for  refilling  that  one  foot  of  the  tunnel  ? 

Mr.  McNab : — Xo  more  than  in  rock  cutting.  He  will  be 
paid  for  the  material  for  refilling  in  excavation  only. 

The  President : — The  Committee  has  modified  No.  59  once 
more,  as  follows:  "'In  rock  tunnels,  when  necessary,  in  the  opin- 
ion of  the  engineer,  the  material  must  be  taken  out  12  inches  be- 
low subgrade,  and  refilled  to  subgrade  with  material  approved 
by  the  engineer.'' 

Mr.  Berry : — I  have  read  the  balance  of  the  specifications,  and 
there  is  no  provision  in  any  other  paragraph  as  to  back-filling.  It 
should  be  taken  care  of  either  by  an  additional  paragraph,  or,  as 
Mr.  Storey  says,  if  it  is  to  be  paid  for  or  put  in  at  the  expense  of 
the  contractor,  it  should  be  mentioned,  if  filled  from  the  ordinary 
excavation  of  the  tunnel.  If  filled  with  material  from  outside  of 
the  tunnel,  a  price  should  be  agreed  upon. 

Mr.  Slifer : — Paragraph  No.  58  provides  for  a  space  over  the 
back-filling.  It  was  thought  the  Committee  had  gone  as  far  as  it 
was  intended.  The  question  of  back-filling  was  a  question  of 
masonry,  and  was  not  considered  by  the  Committee  on  Roadway. 

Mr.  Storey : — I  assume  back-filling  is  used  in  a  different 
sense.  I  was  referring  to  back-filling  in  the  bottom  as  distin- 
guished from  the  back-filling  in  the  lining  and  the  walls  of  the 
tunnel. 

Mr.  Slifer : — Back-filling  in  the  bottom  of  the  tunnel  has  been 
provided  for.  Back-filling  behind  the  walls  of  the  tunnel  should 
be  considered  by  the  Committee  on  Masonry. 

The  President : — Is  there  any  objection  to  No.  59  as  it  now 
reads,  as  amended?  No.  59  will  stand  approved.  Paragraphs 
Nos.  62,  63  and  64  will  stand  approved.  In  paragraph  No.  65 
there  is  quite  a  change  made.  Mr.  McDonald  is  here  to  speak 
for  the  change. 

Mr.  McDonald : — No.  65  of  the  Committee's  report  speaks  of 
the  shaft  being  down  to  the  soffit  of  the  tunnel.  I  move  that  the 
words  "soffit  of  the  tunnel"  be  stricken  out,  and  the  words,  "bot- 
tom of  the  shaft''  be  substituted. 

Mr.  Tye : — The  Committee  desire  to  make  a  change  in  No. 
65,  and  strike  out  the  words  "sofifit  of  the  tunnel  within  the  area 
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of  the  cross-section,"  and  make  it  read,  "and  the  excavation  price 
for  them  shall  cover  all  material  contained  between  the  surface  of 
the  ground  and  the  cross-section  of  the  tunnel,  specified  by  the 
engineer."  This  seems  to  take  care  of  IMr.  McDonald's  objec- 
tion, and  at  the  same  time  leaves  it  to  the  discretion  of  the  engi- 
neer whether  the  shaft  shall  be  placed  immediately  over  the  tun- 
nel or  to  one  side  of  it. 

Mr.  McDonald : — That  will  be  satisfactory  to  me. 

The  President : — Paragraph  No.  65  will  stand  approved  as 
amended.    Any  objection  to  No.  66? 

A'Ir.  Berry: — For  the  same  reason  that  I  gave  in  regard  to 
paying  for  extra  excavation,  I  should  amend  No.  66  so  that  it 
should  be  at  the  expense  of  the  contractor,  as  far  as  the  prosecu- 
tion of  the  work  makes  it  necessary.  I  can  not  see  why  the  rail- 
road company  should  pay  any  portion  of  it.  I  would  make  it 
read :  "All  necessary  wells  or  sumps  shall  be  made  as  directed  by 
the  engineer,  at  the  expense  of  the  contractor." 

Mr.  McGuigan: — Would  that  be  entirely  fair?  If  the  well 
was  required  for  drainage  in  operation  after  the  tunnel  is  com- 
pleted, it  would  not  be  fair.  I  know  where  there  are  such  provi- 
sions for  gathering  the  water  that  accumulates  in  the  tunnel  in 
order  that  it  may  be  pumped  out.  It  occurs  to  me  it  would  be 
part  of  the  tunnel  proper  and  should  be  paid  for. 

Mr.  Berry : — When  the  tunnel  is  completed  and  accepted  by 
the  railroad  company,  the  contractor's  liability  ceases.  Whatever 
work  is  done  additional  is  done  by  the  railroad  company,  and  at 
its  expense. 

The  President: — Mr.  McGuigan  asked  if  the  well  was  made 
for  the  purpose  of  accumulating  the  water  where  it  will  perma- 
nently exist  and  from  which  the  water  will  be  pumped  ;  that  is,  the 
well  would  be  made  in  accordance  with  the  plans  of  the  rail- 
way company  and  not  for  the  purposes  of  carrying  on  the  drain- 
age for  the  benefit  of  the  contractor  alone. 

Mr.  Berry : — That  is  no  part  of  the  construction  of  the  tun- 
nel. A  well,  or  the  collection  of  water  for  any  purpose  whatever, 
would  have  to  be  entirelv  outside  of  the  approaches,  or  the  tunnel 
or  the  shaft,  hence  could  not  be  considered  as  belonging  to  the 
contract,  and  would  be  paid  for  either  by  agreement  between  the 
company  and  the  contractor  or  submitted  to  arbitrators. 
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Mr.  ^IcNab : — These  sumps  spoken  of  are  for  the  uUimate 
good  of  the  railroad  company,  and  why  should  we  saddle  all  of 
the  expense  on  the  contractor  doing  the  work?  If  it  is  for  the 
railroad  company's  benefit,  it  should  pay  for  it. 

Mr.  Storey: — The  question  of  what  are  necessary  wells  and 
sumps  cuts  some  figure.  As  I  take  it,  in  most  tunnels,  we  leave 
it  to  the  contractor  to  prosecute  the  work  as  he  can  do  it  the 
cheapest  and  best,  and  in  that  way  I  think  that  should  be  included 
in  the  price. 

The  President: — We  are  discussing  tunnel  excavation,  not 
permanent  construction  of  wells  for  the  benefit  of  the  railway  com- 
pany, so  that  whatever  wells  or  sumps  would  be  made  for  pur- 
poses of  construction  would  be  made  by  the  contractor  himself  for 
his  own  benefit. 

Mr.  McNab : — It  might  be  amended  as  follows :  "All  wells 
or  sumps  necessary  for  the  permanent  benefit  of  the  railway  com- 
pany shall  be  paid  for,"  and  so  on. 

Mr.  Berg : — I  suggest  to  change  that  so  as  to  read,  "if  shown 
on  the  permanent  work — shown  on  the  plans." 

•  Mr.  McNab: — There  may  be  some  extraneous  circumstances 
arise  that  you  are  not  able  to  foresee,  and  which  you  can  not  put 
upon  the  plans  before  you  start  the  tunnel.  It  is  to  provide  for 
such  unforeseen  chances  as  that  that  the  amendment  I  suggest 
might  be  put  into  effect. 

The  President : — Would  Mr.  Berry  and  his  second  accept  the 
modification  made  by  the  Committee  ?  The  vote  will  be  upon  the 
amendment  of  paragraph  No.  66,  so  as  to  make  it  read  as  fol- 
lows :  "All  necessary  wells  and  sumps  shall  be  made  as  directed 
by  the  engineer  at  the  expense  of  the  contractor." 

(The  question  was  put  on  the  amendment  and  lost.) 

Mr.  Berry : — I  submit  another  motion :  "All  wells  or  sumps 
necessary  in  the  construction  of  the  tunnel  shall  be  made  by  and 
at  the  expense  of  the  contractor." 

Mr.  Tye: — I  do  not  understand  what  Mr.  Berry  means. 
Does  he  mean  wells  or  sumps  made  necessary  solely  for  the  use 
of  the  contractor  in  prosecuting  the  work  ? 

Mr.  Berrv : — Yes,  sir ;  it  may  be  necessary  to  sink  a  sump  to 
pump  water  out  of  the  shaft,  and  is  part  of  the  construction  of 
the  tunnel. 
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The  President : — Is  it  for  the  sole  benefit  of  the  contractor  ? 
The  amendment  is :  "All  wells  or  sumps  made  necessary  by  the 
construction  of  the  tunnel  shall  be  done  by  and  at  the  expense 
of  the  contractor." 

(Amendment  carried.) 

Mr.  Tye :— I  move  an  amendment  or  an  addition  to  the 
clause  that  is  amended  to  read :  "All  wells  or  sumps  necessary 
for  the  permanent  drainage  of  the  tunnel,  and  made  by  the  direc- 
tion of  the  engineer,  shall  be  paid  for  at  the  same  rate  per  cubic 
yard  as  tunnel  excavation." 

The  President : — While  Mr.  Tye  is  writing  that  we  will  pass 
on  to  the  next.  If  there  is  no  objection  to  paragraph  No.  67  it  will 
stand  approved.     Is  there  objection  to  No.  68? 

]\Ir.  Frazier: — I  suggest  that  you  cut  out  "overhaul"  in  No, 
68,  after  the  word  "designated." 

Air.  Slifer: — Do  I  understand  that  the  Association  has  ap- 
proved the  Committee's  report  on  the  subject  of  overhaul  in  the 
past?  ' 

The  President : — Paragraph  No.  53  was  approved  with  the 
words  "unless  otherwise  specified"  added. 

Mr.  Slifer : — To  be  consistent,  I  do  not  see  that  we  can  do 
anything  more  than  add  the  same  words. 

Mr.  Frazier : — What  was  the  Committee's  proposition  ? 

The  President : — Paragraph  No.  53,  where  the  price  and 
measurement  of  excavation  was  passed  upon,  the  approved 
form  was,  "It  is  distinctly  understood  that  the  contract  price  per 
cubic  yard,  unless  otherwise  specified,  covers  any  haul  found 
necessary,  and  that  there  will  be  no  allowance  for  overhaul." 

Mr.  Frazier: — W^ith  the  concurrence  of  my  second  I  will  be 
satisfied  to  accept  that. 

The  President : — Mr.  Tye's  addition  to  No.  66  is  before  you : 
"All  wells  and  sumps  necessary  for  the  permanent  drainage  of 
the  tunnel,  and  made  by  the  direction  of  the  engineer,  shall  be  paid 
for  at  the  same  rate  per  cubic  yard  as  tunnel  excavation." 

Mr.  Dougherty : — I  ofifer  the  following  amendment :  "All 
necessary  wells  or  sumps  made  by  direction  of  the  engineer  shall 
be  paid  for  at  the  same  price  per  cubic  yard  as  shaft  excavation," 
the  idea  being  that  if  the  construction  of  the  well  or  sump  is 
ordered  by  the  engineer,  presumably  for  the  future  drainage  or 


•     FOURTH    ANNUAL    CONVENTION.  109 

Other  permanent  work,  the  raikoad  company  should  pay  for  it ; 
but  if  the  work  is  done  by  the  contractor  for  his  own  convenience 
he  should  stand  the  expense  of  it. 

Mr.  Berry : — I  think  that  would  be  wrong.  You  would  not 
put  a  well  or  a  sump  in  either  the  tunnel  or  the  approach;  you 
would  go  outside  for  it,  and  you  can  arrange  with  the  contractor 
to  build  anything  of  that  kind  at  an  agreed  price,  or  you  can  do 
it  yourself. 

The  President : — Do  you  make  the  motion  that  this  addition 
be  stricken  out? 

Mr.  Berry : — I  should  add  in  addition,  "in  the  tunnel  and  paid 
for  at  tunnel  excavation  price." 

The  President : — The  amendment  now  reads :  "All  wells 
and  sumps  within  the  tunnel  necessary  for  the  permanent  drain- 
age of  the  tunnel,  made  as  directed  by  the  engineer,  shall  be  paid 
for  at  the  same  rate  per  cubic  yard  as  that  for  tunnel  excavation. 

(The  amendment  as  stated  by  the  President  was  carried.) 

Mr.  McNab : — Mr.  Chairman,  this  Committee  has  monopo- 
lized the  whole  day,  with  good  effect,  I  hope ;  but  we  do  not  desire 
to  take  up  the  whole  time  of  the  convention,  and  I  beg  to  move 
that  further  discussion  on  this  report  be  postponed  in  order  to 
^ive  opportunity  for  considering  some  of  the  other  reports. 

(The  motion  was  carried.) 
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Mr.  Hunter  McDonald  (Nashville,  Chattanooga  and  St. 
Louis,  by  letter)  : — The  Committee  is  to  be  congratulated  on  the 
careful  manner  in  which  it  has  prepared  the  various  sections  of 
its  report,  and  has  made  a  valuable  contribution  to  engineering 
literature.  The  specifications  presented,  however,  in  the  judg- 
ment of  the  writer,  do  not  meet  the  requirements  of  the  profession 
in  all  particulars.  It  should  be  the  aim  of  the  Association  to  re- 
move, as  far  as  possible,  from  the  specifications  which  it  promul- 
gates any  cause  for  misunderstandings.  The  amendments  which 
are  hereafter  proposed  are  presented  with  this  object  only  in  view, 
and  without  any  intention  of  reflecting  upon  the  good  judgment  of 
the  Committee.  As  these  amendments  are  numerous,  it  has  been 
thought  best  to  print  aflfected  clauses  of  the  specifications  of  the 
Committee,  showing  the  language  retained  in  the  usual  type  and 
that  inserted  in  bold  face  type,  the  reasons  for  the  proposed 
changes  being  printed  in  small  type  under  each  article  changed. 

Those  amendments  which  are  interdependent  are  denoted  by 
a  distinguishing  prefix,  in  order  that  it  may  be  clearly  shown  that 
in  case  of  the  rejection  of  the  one  upon  which  the  others  depend, 
all  of  those  marked  with  the  same  prefix  should  also  be  rejected 
without  further  argument  and  the  language  of  the  Committee  re- 
tained. 

Although  a  short  argument  in  favor  of  each  amendment  is 
given  under  each,  where  thought  necessary,  it  is  expedient  to 
brieti}-  outline  the  principles  upon  which  the  more  important  ones 
are  predicated.  In  suggesting  the  amendments  relating  to  classi- 
fication, it  is  done  with  the  conviction  tb.at  a  radical  departure 
should  be  made  from  the  present  time-honored  practice  of  dividing 
excavation  into  dift'erent  classes,  according  to  various  geological 
and  customary  terms  which  are  often  construed  to  mean  different 
things  in  different  localities,  resulting  in  frequent  misunderstand- 
ings and  litigation.  Some  method  should  be  adopted  by  which 
classification  should  be  based  on  the  difficulties  encountered,  and 
expressed  in  terms  which  are  unmistakable  as  to  their  meaning, 
no  matter  what  the  material  encountered  nor  the  locality  in  which 
the  work  is  done.  It  is  fully  realized  that  the  method  of  classifica- 
tion hereafter  proposed  is  not  perfect,  but  it  is  believed  that  it  is 
in  the  right  direction,  and  it  is  hoped  that  the  Association  in  its 
wisdom  may  find  a  method  which  is  not  open  to  objection  and 
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which  of  necessity  must  be  flexible  and  applicable  to  all  cases. 
All  amendments  based  on  the  proposed  classification  are  marked 
with  an  *.  Amendments  affecting  the  manner  of  measurement 
of  work  are  based  upon  the  principle  that  all  excavation,  as  far  as 
possible,  should  be  measured  in  place.  They  are  marked  with  a  f. 
Those  affecting  the  furnishing  of  right  of  way  by  contractors  are 
based  upon  the  principle  that  the  company  should  provide  all  real 
estate  necessary  for  the  construction  and  operation  of  the  road, 
the  contractor  not  being  clothed  with  the  power  of  condemnation. 
These  are  marked  with  a  J.  The  specifications  should  clearly 
show  the  manner  in  which  the  contractor  is  to  be  reimbursed  for 
all  material  furnished  and  labor  performed. 

Amendments  to  definitions  are  generally  based  on  the  prin- 
ciple that  when  this  Association  defines  a  word,  its  definition 
should  cover  the  meaning  of  the  word  as  used  by  the  profession 
we  represent,  and  not  in  its  abstract  sense  as  used  by  the  general 
public.  It  is  quite  likely  that  the  Committee  will  accept  without 
argument  some  of  the  amendments  proposed. 

The  writer  desires  to  give  notice  that  at  the  forthcoming  con- 
vention he  will  endeavor  to  have  the  report  so  changed  that  it  will 
read  as  it  appears  below  in  ordinary  and  bold-faced  type. 

The  writer  has  endeavored  to  formulate  a  classification  based 
entirely  upon  the  difificulty  of  removing  the  material.  No  matter 
what  method  is  employed,  in  order  to  introduce  such  a  classifica- 
tion, it  is  necessary  to  make  changes  throughout  the  specification, 
the  need  for  which  will  become  apparent  as  this  discussion  pro- 
gresses. 

SPECIFICATION   FOR  THE   FORMATION   OF  THE  ROADWAY. 

IN   GENERAL. 

2.  The  line  on  the  profile  denoting  the  tops  of  embankments  and 
bottoms  of  cuttings  represents  the  subgrade. 

The  words  "The  grade  line  on  the  profile  denotes  subgrade,"  are 
contradictory  and  ambiguous. 

3.  The  roadbed  shall  be  formed  to  the  contour,  slopes  and  dimen- 
sions shown  upon  the  drawings  referred  to  in  and  forming  part  of  the 
contract,  or  to  such  modifications  thereof  as  are  required  to  meet 
special  conditions,  or  as  the  engineer  may  from  time  to  time  direct. 

It  is  not  possible  to  attach  to  any  contract  the  drawings  necessary 
in  the  construction  of  a  railroad. 
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4.  When  finished  and  properly  settled,  the  roadbed  shall  conform 
to  the  finishing  stakes  set  for  it,  and  shall  be  of  the  following  dimen- 
sions at  subgrade  for  single  track,  viz.: 

On  embankments,  twenty  (20)  feet  wide;  in  excavations,  twenty 
(20)  feet,  and  outside  of  this  width  the  necessary  ditches  must  be 
formed.  For  each  additional  track  an  additional  width  of  thirteen  (13) 
feet  shall  be  made. 

Thirteen  feet  is  the  generally  established  distance  between  centers 
of  standard  gage  tracks.  There  is  no  good  reason'  for  making  them 
fourteen.  It  is  merely  a  temptation  to  put  signal  posts  and  obstruc- 
tions between  tracks,  which  are  closer  than  are  ever  allowed  on  the 
outside. 

A  right  of  way  feet  on  each  side  of  center  line  and  addi- 
tional widths  for  borrow  pits,  waste  banks  and  station  grounds,  will  be 
provided  by  the  railway  as  promptly  as  possible.  The  contractor  is 
at  liberty  to  make  such  use  of  these  lands  and  the  material  thereon 
as  may  be  approved  by  the  engineer,  but  any  trespassing  by  his  agents 
beyond  the  limits  of  said  right  of  way  will  be  at  the  contractor's  ex- 
pense, and  he  shall  hold  the  railway  harmless  from  all  claims  on  such 
account. J 

9.  Where  clearing  is  to  be  done,  stumps  shall  be  cut  off  close  to 
the  ground.  Between  the  slope  stakes  of  embankments  no  stumps 
shall  be  left  with  their  tops  closer  than  two  and  one-half  feet  from  sub- 
grade. 

It  is  not  practicable  to  cut  the  stumps  off  even  with  the  ground. 

10.  The  work  of  clearing  shall  be  kept  at  least  two  miles  in  ad- 
vance of  the  cross-sectioning. 

It  is  impracticable  to  properly  cross-section  uncleared  surface  and 
impossible  to  preserve  the  stakes  during  clearing  and  grubbing.  It  is 
an  easy  matter  to  have  the  clearing  done  in  advance  of  the  cross- 
sectioning. 

12.  Fences  and  buildings  to  be  demolished,  and  other  movable 
property  on  the  right  of  way,  shall  be  carefully  removed  and  piled  up 
for  the  use  of  the  owner,  as  may  be  directed  by  the  engineer,  without 
extra  charge,  it  being  understood  that  the  price  for  clearing  covers 
these  items.  In  localities  where  buildings  exist  in  large  numbers, 
or  where  buildings  or  fences  are  to  be  removed  without  demolition, 
a  special  price  will  be  agreed  upon  for  such  work. 

The  language  of  the  paragraph  provides  that  fences  and  buildings 
are  to  be  removed  and  piled  up.  It  is  often  the  case  that  the  position 
of  fences  is  merely  changed  and  that  buildings  are  rolled  from  the 
property.     The  amendment  is  intended  to  cover  such  cases. 

13.  Measurement  of  clearing  and  payment  for  the  same  will  be  by 
the  square  of  one  hundred  (100)  feet  square,  or  fraction  thereof 
actually  cleared. t 

The  proper  excavation  of  borrow  pits,  as  provided  in  the  specifica- 
tions, can  never  be  obtained  unless  the  contractor  is  paid  separately 
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for  the  work  of  clearing  and  grubbing.  If  he  understands  in  the 
beginning  that  he  is  to  be  so  paid  the  price  named  in  his  bid  for 
excavation  will  be  correspondingly  low.  The  results  will  be  beneficial 
to  the  company. 

18.  Measurement  of  grubbing,  executed  under  the  directions  of  the 
engineer,  shall  be  estimated  upon  all  excavations  and  the  space  to  be 
covered  by  ail  embankments  of  two  and  one-half  (2i^)  feet  in  height 
or  less.  Payment  for  the  same  will  be  by  the  square  of  one  hundred 
(100)  feet  square  or  fraction  thereof  actually  grubbed. t 

All  grubbing  should  be  paid  for,  no  matter  where  it  is  done,  as  it 
entails  additional  expense  on  the  contractor  which  is  seldom  covered 
by  the  price  paid  for  excavation.  Nothing  is  saved  to  the  company  by 
including  it  in  the  excavation  price,  and  the  results  of  so  doing  are 
generally  detrimental  to  the  proper  execution  of  the  work. 

20.  All  material  excavated  shall  be  classified  as  hard,  medium  or 
soft  excavation.* 

21.  Hard  excavation  will  include  all  material  requiring  heavy 
blasting  to  loosen  it  and  subsequently  pop-holing  or  sledging  before 
it  can  be  loaded   into  vehicles  by  hand. 

The  use  of  more  than  half  a  pound  of  forty  per  cent,  dynamite,  or 
its  equivalent,  per  cubic  yard  of  material  removed,  will  be  considered 
heavy  blasting.* 

22.  Medium  excavation  will  include  all  material  not  classed  as 
hard  or  soft,  which  can  be  loosened  with  the  pick  or  crowbar  and 
sledgehammer  at  the  rate  of  three-quarters  of  a  cubic  yard,  measured 
in  place,  per  hour  per  man,  or  material  which,  when  lightly  blasted, 
will  assume  such  form  that  it  can  be  plowed  or  picked  and  handled  in 
scrapers  or  with  hand  shovels,  without  resort  to  subsequent  pop-holing 
or  sledging. 

The  use  of  one-half  pound  or  less  of  forty  per  cent,  dynamite,  or  its 
equivalent,  per  cubic  yard  of  material  removed,  will  be  considered  light 
blasting.* 

23.  Soft  excavation  will  include  all  material  not  classed  as  medium 
or  hard.* 

An  outline  has  been  given  heretofore  of  the  reasons  for  the  above 
proposed  classification.  The  writer  has  been  operating  under  a  some- 
what similar  classification  for  about  two  years  with  very  satisfactory 
results. 

25.  In  hard  and  medium  excavations  the  material  must  in  all 
cases  be  taken  out  twelve  (12)  inches  below  subgrade,  and  refilled 
to  subgrade  with  material  approved  by  the  engineer.* 

26.  Excavation  in  excess  of  the  cross-section  authorized  by  the 
engineer,  as  well  as  slides  extending  beyond  the  slope  lines,  shall  not 
be  paid  for,  unless,  in  the  judgment  of  the  engineer,  such  are  due  to 
causes  which  are  not  the  fault  of  the  contractor  or  his  agents.  If  such 
results  are  unavoidable,  the  surplus  material  shall  be  removed  by  the 
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contractor  without  delay,  and  the  slopes  formed  to  the  satisfaction  of 
the  engineer.  The  classification  of  the  material  shall  be  in  accordance 
with  its  condition  at  the  time  of  removal,  regardless  of  prior  condi- 
tions. Should  material  be  required  to  be  removed  in  running  water, 
It  shall  be  classified  as  above  provided  for  and  paid  for  as  excavation 
in  water  at  the  different  prices  for  each  classification  named  in  the 
proposal  for  excavation  in  water. 

One  word  is  sufficient.  Neither  of  the  words  struck  out  is 
defined  in  the  Glossary  submitted.  Provision  for  excavation  in  water 
is  necessary  in  order  to  avoid  force  account  expense. 

32.  A  berme  of  four  (4)  feet  shall  be  left  between  the  edge  of 
hard  or  medium  excavations  and  toe  of  slope  of  overlying  soft  ma- 
terial.* 

33.  Intercepting  ditches  shall  be  made  at  the  top  of  the  slopes  of 
all  soft*  cuttings  where  the  ground  falls  toward  the  top  of  the  slopes, 
and  they  must  diverge  sufficiently  to  prevent  erosion  of  the  adjoining 
embankment.  The  cross-section  and  location  of  such  ditches  will  be 
designated  by  the  engineer  and,  if  required  by  him,  shall  be  made  in 
advance  of  opening  the  cutting. 

Erosion,  as  defined  by  the  Committee  in  its  Glossary,  seems  to  be 
the  proper  term.  Abrasion  is  not  defined  by  the  Committee  and  does 
not  fit  the  case. 

34.  Ditches  shall  be  formed  at  the  bottom  of  the  slopes  according 
to  the  cross-section  shown  upon  the  plans,  or  such  modifications  thereof 
as  the  engineer  may  direct;  they  shall  be  neatly  made,  surfaced  to 
true  grade,  and  at  the  lower  end  must  diverge  sufficiently  to  prevent 
erosion  of  the  adjacent  embankment. 

For  reasons  just  above  given. 

38.  Embankments  shall  be  carried  to  such  height  above  subgrade 
and  to  such  increased  width  as  the  engineer  may  deem  a  necessary 
provision  for  shrinkage,  compression  and  washing.  As  the  embank- 
ments become  consolidated,  their  sides  shall  be  carefully  trimmed  to 
the  proper  slopes,  and  they  must  be  maintained  to  their  proper  height, 
dimensions  and  sha))p.  until  the  work  is  finally  accepted  by  the  engi- 
neer. Should  embankments,  upon  which  allowance  for  shrinkage  has 
been  made,  fail  to  shrink  as  expected,  and  the  material  above  the 
finishing  stakes  be  required  to  be  removed  before  final  acceptance  of 
the  work,  the  contractor  will  be  paid  the  price  for  soft  excavation. 

Material  does  not  always  shrink  as  expected  and  embankments 
are  frequently  too  high  for  tracklaying.  The  contractor  should  be  paid 
for  reducing  them  to  proper  height. 

41.  In  forming  embankments  to  take  the  place  of  existing  trestles, 
the  material  must  be  thoroughly  compacted  between  the  trestle  bents, 
and  around  and  under  all  parts  of  the  structure,  and  in  case  of  train 
filling  from  above  grade  by  means  of  a  temporary  trestle,  the  material 
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must  be  uniformly  spread  in  the  fill,  keeping  the  outer  edges  higher 
than  the  center. 

This  will  prevent  the  washing  of  the  slopes  and  secure  early 
settlement  of  the  fill.  The  Committee  in  its  historical  department  of 
the  report  has  called  attention  to  this  practice  in  the  early  days  of 
railroad  building,  and  the  writer  can  say  from  personal  experience  that 
it  is  a  very  satisfactory  provision. 

46.  Borrow  pits  shall  be  regular  in  width,  and,  if  necessary  and 
possible,  connected  with  ditches,  and  drained  to  the  nearest  water 
course.  Material  shall  in  no  case  be  borrowed  to  a  depth  that  will  not 
permit  of  proper  drainage  unless  so  ordered  by  the  engineer.  In 
prairie  country  the  drainage  through  borrow  pits  may  be  omitted  at 
the  discretion  of  the  ^engineer. 

47.  Side  slopes  of  borrow  pits  on  the  right  of  way  shall  be  of 
similar  angle  to  the  prism  of  the  road.  A  berme  of  not  less  than  six 
(6)  feet  in  width  shall  be  left  between  slope  stakes  of  the  embank- 
ment and  the  edge  of  the  borrow  pit,  and  a  berme  of  not  less  than  three 
(3)  feet  between  the  outside  slope  of  the  borrow  pit  and  the  property 
line  of  the  railway. J  Bermes  must  consist  of  the  original  unbroken 
ground. 

53.  The  price  paid  for  excavation  includes  the  cost  of  loosening, 
loading  and  transporting  a  maximum  distance  of  seven  hundred  (700) 
feet,  unloading  and  spreading  the  material.  Where  material  is  re- 
quired by  the  engineer  to  be  hauled  more  than  seven  hundred  (700) 
feet,  the  additional  price  per  cubic  yard,  measured  in  place,  per  one 
hundred  (100)  foot  haul,  in  one  direction  only,  provided  in  the  con- 
tract, shall  be  paid  the  contractor.  Fractions  of  one  hundred  (100) 
feet  shall  be  counted  as  one  hundred  (100)  feet.  The  length  of  over- 
haul shall  be  computed  between  centers  of  mass  of  excavations  and 
embankments,  measuring  along  the  line  of  haul.  This  maximum  haul 
applies  only  to  the  transportation  of  material  by  man  and  horse- 
power. Where  it  appears  expedient  to  use  other  motive  power  for 
transporting  material,  a  special  agreement  will  be  entered  into  as  to 
the  length  of  haul.     This  clause  does  not  apply  to  tunnel  excavation. 

The  Company  will  save  money  by  having  a  definite  understanding 
with  the  contractor  as  to  the  distance  material  is  to  be  hauled.  Con- 
tracts are  often  let  on  preliminary  profiles.  The  exact  distribution  of 
material  can  not  be  determined  in  advance  of  cross-sectioning  and  care- 
ful estimation  of  quantities. 

54.  If,  in  the  opinion  of  the  engineer,  any  borrowed  material  can 
be  more  accurately  measured  in  embankment,  his  work  may  be  done  in 
that  manner,  using  the  cross-section  notes  of  the  embankment  prisms 
and  making  the  allowance  which  in  his  judgment  is  just  and  reason- 
able, so  that  the  quantities  measured  shall,  as  nearly  as  possible,  equal 
the  excavation  quantities,  had  it  been  practicable  to  measure  them 
in  excavation;  but  this  does  not  apply  to  embankments  composed  of 
hard  material.* 
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55.  Embankments  of  hard  material,*  if  measured  in  embankment, 
will  be  paid  for  according  to  the  number  of  cubic  yards  as  shown  by 
the  cross-section  notes  of  such  embankments. 

56.  There  shall  be  no  classification  or  allowance  made  for  medium 
or  hard  material*  in  borrow  pits,  iV  being  the  intent  and  meaning  of 
this  specification  that  all  borrowed  material  shall  be  classified  and 
paid  for  as  soft  excavation,*  unless  specific  written  instructions  are 
given  by  the  engineer  to  the  contrary. 

59.  Bottom  of  tunnels  shall  be  picked  to  a  uniform  surface,  and 
no  projections  will  be  allowed  inside  the  general  lines  of  the  section. 

The  proposed  substitution  appears  to  fit  the  case  better  and  is 
necessitated  partly  by  the  change  in  classification. 

60.  Blasting  shall  be  done  with  all  possible  care,  so  as  not  to 
damage  the  roof  and  sides,  and  all  insecure  material  beyond  the  contour 
lines  shall  be  removed  by  the  contractor  as  directed  by  the  engineer. 

This  substitution  seems  to  fit  the  case  better  and  is  partly  neces- 
sitated by  the  change  in  classification. 

65.  The  engineer  will  determine  the  location,  number  and  dimen- 
sions of  all  shafts,  and  the  excavation  price  for  them  shall  cover  all 
materials  contained  between  the  surface  of  the  ground  and  the  bottom 
of  the  shaft,  within  the  area  of  the  cross-section  specified  by  the  engi- 
neer; said  price  will  also  cover  whatever  materials  and  labor  may 
be  required  for  curbing  or  such  other  support  as  the  sides  of  the  shaft 
may  require,  the  cost  of  keeping  the  shafts  free  of  water,  as  well  as  the 
cost  of  all  pumping  and  hoisting  machinery. 

It  is  not  good  practice  to  place  a  shaft  in  the  center  of  a  tunnel, 
which  this  clause  evidently  contemplates,  for  the  reason  that  in  case 
the  shaft  is  not  lined  material  falling  will  strike  passing  trains.  Ice 
often  forms  in  shafts  that  are  lined.  The  shaft  should  be  located  at 
the  side  of  the  tunnel,  by  which  plan  lining  is  frequently  unneces- 
sary, and  falling  material  strikes  at  the  side  of  the  track.  In  this 
case  the  shaft  is  carried  to  subgrade. 

CLAUSES   SPECIALLY  APPLICABLE  TO  REVISION  OF  EXISTING 
LINE,  AND  WIDENING  FOR  AN  ADDITIONAL  TRACK. 

3.     The  location  of  the  additional  track  will  generally  be  on  the 

side  of  existing  line,  but  whenever  it  is  expedient  to  change 

any   portion  to  the    side,   the  altered   alignment  is   shown 

upon  the  maps  or  diagrams  referred  to  and  forming  part  of  this  speci- 
fication, and  the  contractor  shall  conform  to  the  same  without  extra 
charge. 

It  is  not  possible  to  attach  to  the  contract  all  drawings  necessary 
for  the  construction  of  a  railroad. 

5.  Wherever  it  is  necessary  for  material  of  any  description  to  be 
transported  across  the  existing  track  or  tracks,  the  location  of  the  cross- 
ings must  be  approved  by  the  engineer,  and  the  contractor  shall  furnish 
at  his  own  cost  the  lumber  and  spikes  for  said  crossings.     The  labor  of 
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placing  the  same  will  be  done  by  the  company,  and  the  actual  cost 
charged  to  the  contractor,  and  deducted  from  his  estimate,  payment 
for  such  material  and  labor  being  included  in  the  price  bid  for  excava- 
tion. 

GENERAL   CONDITIONS. 

2.  He  shall  also  make  and  keep  in  good  condition  commodious  pass- 
ing places  for  public  and  private  roads  traversed  by  the  line  of  railway, 
and  shall  be  held  responsible  for  damages  of  whatsoever  nature,  to 
persons  or  neighboring  property,  caused  by  workmen  in  his  employ 
leaving  gates  or  fences  open,  blasting  of  rocks,  building  fires,  or  other 
causes,  and.  if  necessary,  payment  of  the  engineer's  estimate  may  be 
withheld  at  the  option  of  the  engineer,  until  such  damages  are  satisfac- 
torily settled  for,  the  intention  of  the  contract  being  that  the  company 
shall  not  be  held  responsible  for  any  claims  or  losses  incurred  due  to 
the  construction  of  the  line.  Payment  for  material  and  labor  involved 
in  making  roads  is  included  in  the  price  paid  for  excavation. 

5.  Before  beginning  grading,  as  well  as  during  the  progress  of  the 
work,  the  contractor  must  remove  all  snow  and  ice  from  between 
the  slope  stakes,  and  at  his  own  expense,  payment  for  such  work 
being  included  in  the  price  paid  for  excavation. 

8.  No  extra  allowance  or  compensation  whatever  shall  be  due  or 
paid  to  the  contractor  for  any  temporary  roads,  bridges  or  trestles  he 
may  make  to  facilitate  the  work,  payment  for  construction  of  tem- 
porary roads,  etc.,  being  included  in  the  price  bid  for  excavation. 

15.  The  foregoing  specification  and  general  conditions,  together 
with  the  drawings  referred  to,  are  distinctly  understood  as  being  em- 
bodied with  the  contract,  the  whole  forming  the  entire  agreement  be- 
tween the  company  and  the  contractor. 

DEFINITIONS  OF  TERMS. 

BORROW  OR  BORROW  PIT.— A  pit  dug  for  obtaining  material  for 
making  an  embankment  or  other  filling.  Material  removed  from  a 
borrow  pit.     To  take  material  from  a  borrow  pit. 

CLEARING. — The   act  of  removing    natural   and   artificial   obstructions 
out  of  the  way  of  grading. 
The  definition  of  clearing,  as  given  by  the  Committee,  does  not 

cover  the  meaning  of  the  word  as  used  in  the  specification. 

CROSS-SECTION.— A  vertical  plane  section  of  a  proposed  cut  or  fill 
at  right  angles  to  the  axis  thereof,  usually  defined  on  the  ground 
by  slope  stakes,  ^nd  taken  with  a  view  of  determining  the  cubic 
contents. 

DRAIN. — A  closed   artificial  waterway  for  conducting  water  from  the 
roadbed,  the  water  entering  at  the  end. 
This  is  intended  to  distinguish  a  drain  from  a  subdraiu,  as  used 

by  the  Committee,  and  the   meaning  will   appear  more  clearly   when 

we  come  to  the  definition  of  subdrain. 
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GRADE. — An    imaginary    surface,    parallel    to    subgrade    and    one    foot 

above  it. 

The  definition  given  by  the  Committee  is  rather  ambiguous.     It 
might  be  construed  to  mean  the  top  of  rail. . 

GRADING. — The  worlc  of  excavation  or  embankment  for  the  roadbed 

and  its  auxiliaries. 
ROADBED. — The  finished  surface  of  a  roadway. 
SETTLEMENT. — A    vertical   sinking   or   subsidence.   ' 

SLOPE. — The  side  of  a  cut  or  fill  extending  from  the  edge  of  the  road- 
bed to  the  natural  surface.  The  inclination  of  the  side  of  a  cut  or 
fill,  from  the  horizontal,  expressed  in  feet  horizontal  to  feet  vertical. 

SUBDRAINS. — Covered  drains  below  the  roadbed  or  ground  surface, 
receiving  the  water  along  their  length  by  absorption,  or  through 
the  joints. 

SUBGRADE. — The  elevation  of  the  surface  of  the  roadway. 

TRENCH. — A  narrow,  shallow  excavation  intended  to  receive  a  struc- 
ture. 

TUNNEL. — A  subterranean    passageway. 

UNLOADER. — A  machine,  other  than  a  locomotive,  which  furnishes 
the  power  for  drawing  an   unloading  plow. 

Mr.  Walter  G.  Berg  (Lehigh  Valley— by  letter)  :— In  the 
discussion  of  the  report  on  Roadway  at  the  convention  the  ques- 
tion of  "overhaul"  received  considerable  attention.  The  Com- 
mittee's recommendation  was  adopted,  viz.,  to  exclude  overhaul 
payments.  I  consider  that  this  sweeping  decision  was  a  mis- 
take. We  must  admit  that  there  are  different  governing  condi- 
tions in  letting  work,  and  we  should  recognize  same  in  deter- 
mining this  question  of  overhaul. 

Personally  I  would  congratulate  any  engineer  who  is  able 
to  let  a  contract  without  the  overhaul  provision,  and  there  are 
conditions  where  this  can  be  done  with  perfect  equity  to  both 
parties  to  the  contract.  There  are  other  cases,  however,  where 
one  of  the  parties  is  liable  to  lose  money  unless  the  overhaul 
clause  is  retained. 

In  grading  operations  in  sections  of  the  country  where  the 
railroad  work  is  usually  let  to  a  well-known  contractor  and 
where  the  work  has  been  carefully  surveyed  and  mapped,  it  is 
perfectly  feasible  to  expect  the  contractor  to  draw  his  own  con- 
clusions as  to  the  extra  cost  involved  in  long  hauls  and  to  place 
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upon  the  contractor  the  responsibility  of  conducting  his  opera- 
tions according-  to  his  own  plans  relative  to  the  method  of  dis- 
tributing the  material.  Where  the  route  is  well  mapped  it  is  also 
feasible  for  the  engineer  to  indicate  on  the  profile  the  proposed 
distribution  of  the  material.  In  such  case  it  is  not  necessary  to 
provide  for  overhaul  payments.  This  is  particularly  the  case  in 
track  widening  operations. 

Where,  however,  work  is  let  on  the  basis  of  preliminary 
profiles,  frequently  even  on  traverse  lines  approximating  the 
final  location  only,  it  is  not  feasible  nor  economical  to  throw  on 
the  contractor  the  burden  of  guessing  at  the  probable  haul.  The 
railroad  company  will  profit  by  inserting  a  properly-worded  over- 
haul clause. 

I  consider,  therefore,  that  paragraph  53  of  the  proposed 
specifications  should  have  added  to  it  the  words  "unless  other- 
wise distinctly  specified."  These  specifications  should  then  have 
a  supplemental  clause  relating  to  overhaul,  and  it  should  be 
stated  that  this  should  be  considered  as  a  special  clause  for  use 
where  it  is  desired  or  found  necessary  to  have  an  overhaul  allow- 
ance. The  standard  specifications  indorsed  by  the  Association 
would  then  indicate  that  the  preferable  course  would  be  to  omit 
overhaul,  but  would  still  offer  a  standard  overhaul  clause  for 
use  in  such  cases  where  the  special  conditions  made  it  essential 
to  arrange  for  overhaul. 

In  the  discussion  at  the  convention  one  of  the  members 
emphasized  that  the  calculation  of  overhaul  was  a  very  simple 
matter  and  that  any  engineering  student  while  at  college  was 
taught  how  to  calculate  same.  I  admit  that  the  actual  deter- 
mination of  overhaul  is  based  on  very  elementary  arithmetical 
calculations,  but  I  doubt  whether  one  out  of  ten  professors  of 
engineering,  unless  he  has  actually  had  charge  of  heavy  grading 
operations,  would  be  prepared  ofifhand  to  define  the  best  method 
of  recording  all  the  varied  movements  of  the  actual  material  dis- 
tribution and  to  explain  intelligently  the  difference  between  aver- 
age haul  of  the  whole  section,  total  haul,  overhaul,  free  straight 
haul,  free  average  haul,  and  whether  cross-haul,  or  hauls  to 
waste  or  from  borrows  should  be  allowed.  In  fact,  very  few 
engineers  even  know  that  there  is  a  difference  in  dollars  and 
cents  whether  the  free  haul  is  a  free  straight  haul  or  a  free  aver- 
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age  haul.  Even  the  otherwise  very  clear  substitute  clause  pro- 
posed by  Mr.  Hunter  McDonald  relating  to  overhaul  does  not 
distinctly  define  this  feature. 

In  the  issue  of  the  Railroad  Gazette  of  January  nth,  1884^ 
I  published  an  article  on  the  determination  of  overhaul  and  a 
graphical  profile  method  for  recording  the  various  movements 
of  the  material  during  the  progress  of  the  work,  the  method 
being  such  as  to  enable  the  engineer  to  plot  monthly,  as  part 
of  the  monthly  estimate,  the  actual  material  distribution  and 
cover  all  the  various  freaks  of  material  movements,  such  as 
working  cuts  in  several  lifts,  filling  embankments  in  sections  or 
layers,  wasting  material,  location  and  haul  from  borrow  pits. 

In  the  actual  determination  of  overhaul  there  are  three 
methods,  as  follows : 

(i)  All  cuts  of  the  section  are  taken  into  account,  the 
average  haul  of  each  individual  mass  determined  and  the  aver- 
age total  haul  established  accordingly.  The  free  haul  is  deducted 
from  the  average  total  haul  and  the  balance  represents  the  over- 
haul applicable  to  the  total  yardage  of  excavation  of  the  section. 
This  method  is  called  the  free  average  haul  applicable  to  all  exca- 
vation of  the  section. 

(2)  All  cuts  the  material  from  which  is  disposed  of  within 
the  free-haul  limit  are  left  out  of  consideration  entirely.  All 
other  cuts  from  which  the  material,  or  at  least  some  of  the 
material,  is  hauled  beyond  the  free-haul  limit  are  taken  into 
account,  the  average  haul  of  each  individual  mass  of  same  de- 
termined and  the  average  total  haul  established  accordingly. 
The  free-haul  is  deducted  from  the  average  total  haul  and  the 
balance  represents  the  overhaul  applicable  to  the  total  yardage 
of  excavation  of  such  cuts  only  from  which  the  material  or  some 
of  the  material  is  hauled  beyond  the  free  limit.  This  method  is 
called  the  free  average  haul  applicable,  however,  only  to  cuts 
with  overhauls. 

(3)  All  cuts  the  material  from  which  is  disposed  of 
within  the  free-haul  limit  are  left  out  of  consideration  entirely. 
At  all  other  cuts  the  material  in  the  cut  required  to  balance  the 
material  in  the  nearest  fill  or  fills,  is  determined  within  the  free- 
haul  limit;  in  other  words,  a  strip  equal  to  the  free-haul  limit  is 
cut  out  of  the  profile  in  such  a  way  that  the  cut  balances  the  fill 
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within  the  length  of  this  strip.  This  balanced  material  within 
the  free-haul  strip  is  not  taken  into  account.  All  other  material 
that  is  clearly  hauled  more  than  the  free-haul  limit  is  taken  into 
account,  the  average  haul  of  each  individual  mass  determined 
and  the  average  total  haul  established  accordingly.  The  free- 
haul  is  deducted  from  the  average  total  haul  and  the  balance 
represents  the  overhaul  applicable  to  the  total  yardage  of  such 
parts  of  cuts  which  are  hauled  beyond  the  free  limit.  This 
method  is  called  the  free  straight  haul,  as  it  eliminates  consider- 
ation of  absolutely  all  material  that  is  hauled  less  than  the  free 
limit. 

The  first  method  is  the  logical  result  of  carrying  out  the  gen- 
eral principles  of  determining  overhaul  as  taught  in  most  col- 
leges. In  practice  it  means  determining  the  haul  of  all  material 
moved,  even  where,  as  in  side  hill  work,  the  material  for  long 
stretches  is  simply  cast  sidewa3-s.  It  will  lower  the  average  over- 
haul of  the  section,  however,  as  all  material,  even  if  moved  only 
a  short  distance,  figures  in  the  calculation.  It  is  not  a  fair 
method,  nor  one  readily  understood  by  contractors. 

The  second  method  is  probably  the  one  most  in  use.  It  is, 
however,  illogical.  Why  should  material  hauled  less  than  the 
free  limit  be  thrown  out  if  in  a  small  cut  that  is  worked  into  a 
nearby  fill,  and  yet  other  material  hauled  less  than  the  free  limit 
be  considered  simply  because  it  forms  a  part  of  a  large  cut.  the 
balance  of  which  is  handled  beyond  the  free  limit  ?  The  extended 
use  of  this  method  can  be  traced  to  the  greater  ease  with  which 
the  overhaul  can  be  calculated.  All  cuts  with  short  hauls  are 
simply  marked  oft'  the  profile  and  the  calculation  of  centers  of 
gravity  made  only  for  all  other  cuts  in  their  entirety. 

The  third  method  is  the  only  one  which  is  logical  and  cor- 
responds to  the  specification  clause  as  usually  written,  /.  c.  that 
all  material  shall  be  hauled  up  to  a  certain  distance  tree.  It  is 
more  laborious  for  the  engineer,  as  the  material  at  the  entrance 
to  all  cuts,  from  which  some  material  goes  bevond  the  free-haul 
limit,  has  to  be  balanced  with  the  fill  within  a  distance  equal  to 
the  free-haul. 

The  fundamental  arithmetical  principle  of  overhaul  calcula- 
tions is  very  simple,  but  the  application  of  same  to  all  the  varied 
conditions  on  actual  construction  work  is   complicated  bv  many 
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questions.  Any  proposed  overhaul  clause  in  specifications  must 
be  very  clearly  worded  accordingly. 

Is  the  haul  to  be  calculated  for  all  material  on  the  section ; 
is  the  haul  to  be  calculated  only  for  such  cuts  from  which  all 
or  some  of  the  material  is  hauled  beyond  the  free  limit,  but  the 
thus  ascertained  overhaul  to  be  applicable  to  all  the  material  in 
such  cuts ;  or  is  the  haul  to  be  calculated  only  .for  material  ac- 
tually moved  beyond  the  free-haul  limit ;  is  the  distribution  of 
material  to  be  based  on  a  theoretical  scheme  worked  out  on  the 
profile  or  on  the  actual  conditions ;  will  cross-haul  be  allowed, 
i.  e.,  when  material  from  a  small  cut  is  necessarily  hauled  to  a 
fill  in  the  direction  of  a  big  cut  and  subsequently  material  is 
hauled  in  the  opposite  direction  from  the  big  cut  over  the  fill 
and  small  cuts  to  another  fill  beyond  the  small  cut ;  will  over- 
haul be  paid  on  borrow  or  waste,  and  in  such  case  is  the  haul  to 
be  figured  from  stations  of  the  center  line,  or  from  the  air  line, 
or  from  the  actual  route  traveled  from  cut  to  waste  bank  and 
borrow  pit  to  fill  ?  If  the  natural  method  for  moving  the  material 
or  the  preliminary  scheme  worked  out  on  the  profile  has  to  be  de- 
parted from  in  order  to  expedite  the  completion  of  the  work  or 
owing  to  influences  outside  of  the  control  of  the  contractor,  such 
as  bridges  not  being  completed  over  which  the  contractor  has 
to  haul  material,  will  the  company  take  into  account  the  in- 
creased cost  of  haul,  if  any,  to  the  contractor,  or  will  the  engineer 
insist  on  following  out  the  preliminary  profile  scheme  ? 

The  above  are  not  academic  theoretical  points,  but  ques- 
tions that  come  up  constantly  in  practice.  They  should  all  be 
well  understood  and  defined,  especially  considering  the  impor- 
tance and  money  value  of  overhaul.  ]\'Iost  preliminary  estimates 
disregard  overhaul,  and  large  sums  have  to  subsequently  be  paid, 
causing  estimates  to  overrun  and  casting  discredit  on  engineers 
generally. 

As  an  ijlustration  of  the  money  values  involved,  I  have 
taken  an  8,000-feet  long  section  of  grading  work  and  determined 
the  overhaul  for  the  three  methods  mentioned  above,  on  the 
basis  of  1,000  feet  free-haul  and  one  cent  overhaul  rate  per  cubic 
yard  and  100  feet  overhaul.  The  first  method  gave  1,150  feet 
overhaul  on  101,000  cubic  yards,  or  $11,615.00;  the  second 
method,  1,800  feet  overhaul  on  73,000  cubic  yards,  or  $13,140.00; 
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the  third  method  2,600  feet  overhaul  on  66,000  cubic  yards,  or 
$13,596.00.  Truly,  with  such  large  payments  and  wide  varia- 
tion of  results,  it  does  not  seem  out  of  place  to  devote  a  chapter 
in  place  of  a  paragraph  to  overhaul  determination  in  our  en- 
gineering text-books.  Further,  we  have  men  spending  days 
working  out  carefully  yardages  and  various  quantities  and  yet 
when  it  comes  to  overhaul  the  office  methods  are  usually  very  in- 
accurate and  based  on  theoretical  in  place  of  practical  premises. 

To  illustrate  the  wide  fluctuations  in  the  material  distribu- 
tion as  originally  estimated  and  as  actually  carried  out,  I  will 
quote  the  results  of  an  investigation  I  made  with  the  same  8,000- 
feet  section  above  referred  to.  The  original  center  line  profile 
estimate,  based  on  center  heights,  showed  a  material  distribu- 
tion of  excavation  103,000  cubic  yards,  of  which  2,000  yards  were 
waste.  The  final  profile  after  cross-sectioning,  the  distribution 
being  made  by  the  engineer  familiar  with  the  conditions,  in 
other  words,  on  a  practical  basis  as  far  as  feasible  ahead  of 
actual  construction,  showed  excavation  108,000  cubic  yards  and 
10,000  borrow,  or  18,000  cubic  yards  to  be  handled.  In  actual 
construction  the  program  had  to  be  varied,  as  one  bridge  did  not 
get  done  in  time  for  the  grading  contractor  to  haul  over  same 
and  the  results  were  excavation  108,000  cubic  yards,  borrow 
41,500,  or  a  total  of  149,500  cubic  yards  to  be  handled,  of  which 
31,500  cubic  yards  were  wasted.  The  fluctuations  in  overhaul,  if 
it  had  been  determined  would  be  equally  astonishing  and  would 
vary  within  wide  ranges  according  to  the  method  adopted  for 
ascertaining  same. 

I  present  herewith  two  diagrams,  A  and  B,  illustrating  the 
difference  between  free  straight  haul  and  free  average  haul  as  ap- 
plied to  a  cut  and  fill  aggregating  4,000  feet  long  and  in  each 
case  25,000  cubic  yards  being  handled.  In  both  cases  the  free 
straight  haul  proves  more  favorable  for  the  contractor.  I  have 
generally  found  this  to  be  true,  as  stated  by  me  in  the  article 
above  referrred  to,  published  nearly  20  years  ago. 

The  above  figures  and  arguments  certainly  indicate  the  im- 
portance of  a  more  careful  study  of  overhaul  questions,  and  conse- 
quently the  necessity  for  a  very  carefully  considered  wording  of  the 
overhaul  clause.  It  is  also  further  apparent  that  a  contract  let 
on  the  basis  of  a  preliminary  center  line  profile  without  an  over- 
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liaul  clause  would  be  largely  guesswork  ou  the  jKirt  of  a  con- 
tractor, and  the  railroad  company  would  in  the  end  have  to  foot 
the  bill. 

I  consider,  therefore,  that  the  standard  recommended  speci- 
fication should  uphold  the  feature  that  it  is  desirable  not  to  have 
overhaul,  but  that  there  should  be  an  alternate  clause  adopted 
for  use  under  such  conditions  that  render  aii  overhaul  provision 
absolutely  necessary. 

In  regard  to  the  overhaul  rate  and  limits.  I  believe  in  hav- 
ing, so  to  say,  a  sliding'  scale,  i.  c,  several  limits  and  rates. 
Thus,  in  general,  the  free  limit  should  correspond  to  the  ordinary 
economical  limits  of  cart  or  scraper  work :  the  next  division 
would  correspond  to  the  economical  haul  limits  with  horses  and 
tram  cars,  while  the  third  limit  would  a])ply  to  engine  service, 
with  a  special  clause  for  long  engine  hauls.  I  also  believe  that 
a  comparatively  low  free  limit  is  better  for  the  railroad  company 
than  a  high  free  limit. 

Mr.  W.  McNab  (Grand  Trunk — replying  to  i\Ir.  Berg's 
written  comnninication)  : — An  amendment  to  the  Committee's 
wording  of  the  recommendation  was  adopted,  viz..  the  addition  of 
the  words  "unless  otherwise  specified,''  and  it  is  the  purpose  of  the 
Committee  to  report  further  on  when  such  cases  may  be  actually 
necessary. 

Originally,  it  was  the  Committee's  idea  that  so-termed 
"overhaul"  should  be  done  away  with  in  ordinary  railway  con- 
struction. There  is  no  doubt  but  that  facts,  figures  and  plans 
can  be  so  prepared  as  to  generally  obviate  the  necessity  for  a  con- 
dition that  too  frequently  exists  to-day ;  and  the  special  instances 
where  a  graduated  scale  for  overhaul  would  be  mutually  ad- 
vantageous in  every  degree  to  the  contractc^r  and  the  railway^ 
company    appear  to  be  very  limited  in  number. 

Letting  of  work  on  the  basis  of  preliminary  surveys  is  a 
custom  which  should  generally  be  avoided,  for  it  is  an  invita- 
tion to  slipshod  methods  on  the  jiart  of  the  railway  officers,  as  well 
as  the  contractor. 

A  forcible  argument  against  overhaul  is  given  in  ^^Ir. 
Berg's  written  discussion,  when  he  quotes  the  small  percentage 
of  technical  or  practical  engineers  who  appreciate  all  the  condi- 
tions  that   exist    in    regard   to    overliaul.      Yet    the    engineer    in 
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charge  of  the  work  may  be  a  young  man  who  has  not  had  the  op- 
portunity to  fully  realize  the  exact  niceties  that  are  required,  if 
the  estimates  are  to  be  equitable  allowances  for  work  performed. 

Special  cases  where  a  graduated  scale  would  be  mutually  ad^ 
vantageous  could  be  covered  by  special  figures  in  the  judgment 
of  the  engineer,  and  it  is  the  desire  of  the  Committee  that  this 
feature  be  not  settled  before  further  discussion  i&  obtained. 

Mr.  D.  MacPherson  (Canadian  Pacific — by  letter)  :  The 
proposed  width  at  subgrade  of  twenty  feet  for  embankments 
seems  unnecessarily  wide,  and  would  in  large  fills  greatly  in- 
crease the  quantities  without  any  apparent  compensating  advan- 
tages. In  the  opinion  of  the  writer,  eighteen  feet  is  an  ample 
width. 

Mr.  W.  McNab  (replying  to  Mr.  MacPherson's  written  com- 
munication) :  The  twenty  feet  represents  a  permanent  width, 
and  such  has  been  found  both  economical  and  practical  for  first- 
class  standard  gage  roads  with  constant  and  heavy  traffic. 
This  matter  of  width  was  discussed  and  approved  at  the  con- 
vention of  1901,  and  a  resolution  adopting  twenty  feet  as  good 
practice  under  the  foregoing  conditions  was  passed  at  the  con- 
vention of  1902. 
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WEDNESDAY,  MARCH   18,  1903. 


President  Kittredge  called  the  meeting  to  order  at  9 130  a.  m. 

The  President : — Before  taking  up  any  new  reports  this 
morning,  we  should  take  some  final  action  in  regard  to  that  part 
of  the  report  of  the  Committee  on  Roadway  which  was  not  dis- 
cussed and  carried  to  a  final  conclusion  yesterday.  It  would  be 
in  order  for  some  member  to  move  that  that  portion  of  the  report 
which  was  not  acted  on  definitely  be  accepted  as  a  progress  report 
and  printed  in  the  Proceedings. 

Mr.  W.  G.  Besler  (Central  Railroad  of  New  Jersey)  : — I 
make  such  a  motion. 

Mr.W.  McNab  (Grand  Trunk)  : — I  have  no  objection  to  that, 
and  think  it  is  a  very  wise  procedure,  provided  that  written  dis- 
cussions be  invited  on  the  balance  of  this  report  and  find  their 
way  to  the  Committee  first,  and  the  Committee's  replies  thereto  be 
incorporated  with  the  discussion  and  issued  as  a  separate  Bulletin 
previous  to  the  next  meeting.  I  do  not  think  it  is  necessary  for 
us  to  wait  until  twelve  months  have  passed  to  get  at  the  balance 
of  this  report. 

The  President : — It  is  in  order  always  for  written  discussions 
to  come  in  at  any  time,  and  before  they  are  printed  they  should 
find  their  way  into  the  hands  of  the  committee,  so  that  discussion 
and  any  answer  the  committee  see  fit  to  make  can  be  printed  at 
the  same  time. 

Mr.  McNab: — Would  that  go  out  as  a  separate  Bulletin? 

The  President: — Either  as  a  separate  Bulletin, or  one  Bulletin 
might  contain  discussion  on  two  subjects,  just  as  some  Bulletins 
already  printed  contain  the  reports  of  more  than  one  committee. 
The  discussion  and  replies  of  the  committee  should  be  complete 
in  one  Bulletin.  It  does  not  seem  to  me  it  is  necessary  to  have  a 
separate  Bulletin  issued  for  that,  because  there  might  be  a  good 
deal  of  matter  on  one  subject  and  not  on  another,  and  the  two 
could  be  combined. 
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Mr.  ^ilcXab: — I  mean  a  Bulletin  separate  from  the  annual 
volume  of  Proceedings. 

The  President : — That  will  be  as  I  understand  it. 

Mr.  Besler: — I  think  a  time  limit  should  be  set  as  to  the 
latest  date  on  which  written  discussion  would  be  received  and 
made  a  part  of  such  Bulletin,  otherwise  the  discussion  might  come 
in  for  a  period  of  twelve  months.  A  period  of-  ninetv  days,  or 
whatever  time  may  seem  proper,  may  be  fixed  in  which  this  dis- 
cussion might  come  in  and  be  a  part  of  this  Bulletin. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St. 
Louis)  : — I  will  state  that  the  Board  of  Direction  last  year  took 
just  such  action  as  that,  and  will  likelv  take  it  again  this  year,  in 
regard  to  all  the  reports  not  completely  read  and  discussed,  and 
any  action  we  take  in  regard  to  this  report  would  certainly  have 
to  apply  to  other  reports  which  may  not  come  up  at  all.  A  time 
limit  will  also  be  set  by  the  Board  when  written  discussions  may 
be  sent  in  prior  to  the  appearance  of  the  report  in  the  annual 
volume. 

(The  motion  of  Mr.  Besler  was  put  and  carried.) 

The  President : — The  report  of  the  Committee  on  Iron  and 
Steel  Structures  is  in  order.  I  will  ask  the  members  of  the  Com- 
mittee to  step  forward  to  the  platform  as  their  names  are  called 
by  the  Assistant  Secretary. 

REPORT   OF   COMMITTEE   NO.    XV.— ON    IRON    AND 
STEEL    STRUCTURES. 

To  the  Members  of  the  Ameriean  Raikvay  Engineering  and  Maintenance 
of  JVay  Association  : 

In  continuation  of  its  work  of  last  year,  your  Committee  has  formulated 
a  draft  of  specifications  for  quality  of  material,  workmanship  and  unit 
strains,  and  begs  to  submit  progress  reports  on  the  subjects  of  live  loads, 
impact  allowance,  reaming  and  details  of  design. 

The  question  of  grade  of  steel,  which  divided  the  Committee  last  year, 
has  been  agreed  upon  this  year.  The  subject  has  been  pretty  thoroughly 
discussed  by  the  Committee  and  among  the  profession  at  large  during 
the  year.  Four  members  of  the  Committee  discussed  the  matter  before 
the  American  Society  for  Testing  Materials  at  its  annual  meeting  last 
June  at  Atlantic  City;  for  this  discussion  we  refer  to  Bulletin  No.  29  of  our 
Association.  The  subject  was  discussed  also  at  a  late  meeting  of  the 
Western    Society    of    Engineers,    and    the    present    bulletin    contains    the 


FOURTH    ANNUAL    CONVENTION.  129 

result  of  a  recent  canvass  of  the  Association  on  the  question.  Our  agree-, 
ment  is  upon  a  single  grade  of  rolled  steel  for  all  purposes  except  rivets, 
the  desired  ultimate  strength  being  60,000  pounds  per  square  inch,  with  an 
allowed  range  of  5,000  pounds  either  above  or  below.  In  order  to  ascertain 
if  the  material  is  surely  within  this  range,  we  demand  two  additional  tests, 
if  the  original  test  shows  more  than  4,000  pounds  above  or  below  60,000,  and 
both  of  these  retests  must  fall  within  the  prescribed  range  to  be  acceptable. 

A  complete  draft  of  the  specifications  is  presented  at  the  end  of  this 
report  as  "preliminary,"  with  full  anticipation  of  the  probability  of  amend- 
ment and  improvement  hereafter. 

On  the  subject  of  live  loads,  we  are  not,  as  yet,  ready  to  make  any 
recommendations. 

With  respect  to  impact  allowance  the  Committee  has  made  some 
two  thousand  experiments  with  extensometers  on  various  types  of  bridges, 
under  train  and  engine  loads,  at  various  speeds ;  but  these  experiments 
have  not  been  sufficiently  studied  to  warrant  us  in  making  any  deductions. 
It  is  proposed  to  study  these  data  and  make  additional  observations,  if  need 
be,  with  the  object  of  finally  presenting  a  formula  for  augmenting  the 
assumed  live  load,  so  that  it  may  be  computed  as  static  load. 

On  reaming,  the  Committee  has  collected  a  large  mass  of  information 
covering  what  has  been  published  on  the  subject  and  also  valuable  experi- 
ments not  heretofore  in  print.  This  material,  together  with  a  summary 
of  present  practice  on  many  American  railroads,  will  be  printed  at  length 
in  the  Proceedings.  Comparatively  few  of  the  experiments,  on  which  the 
bulk  of  the  arguments  on  the  subject  of  reaming  and  planing  edges  are 
based,  are  at  all  recent ;  and  nearly  all  were  made  on  steel  differing  widely 
from  that  considered  most  desirable  for  structural  work.  Arrangements 
are  now  in  progress  by  which  the  Committee  hopes  to  make  an  extensive 
series  of  tests  to  determine  the  exact  relative  effect  of  the  punch  and 
drill. 

The  investigations  and  arguments  leading  up  to  the  adoption  of  the 
schedule  of  unit  strains  will  be  submitted  for  publication  in  the  Proceedings. 

Considerable  study  has  been  given  to  the  subject  of  bending  tests  of 
crop  ends  of  rolled  material  to  develop  improper  heat  treatment  and  othef 
objectionable  features  of  rolling;  but  the  Committee  feels  reluctant  to 
recommend  any  action  in  this  line  until  full  investigation  has  been  made  to 
show  what  is  practicable  and  necessary.  It  is  hoped  that  experiments 
can  be  made  in  the  future  to  prove  the  usefulness  or  otherwise  of  this 
method  of  testing. 

On  details  of  design  of  bridge  work  the  Committee  begs  to  report 
some  progress.     But  it  has  no  items  to  offer  to  the  Association  as  yet. 

CONCLUSION. 

The  following  drafts  of  specifications  for  material  and  workmanship 
and  a  schedule  of  unit  strains  are  recommended  for  adoption  as  a  basis 
of  uniform  specifications: 
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SPECIFICATIONS   FOR  MATERIAL  AND  WORKMAN- 
SHIP FOR   STEEL   STRUCTURES   AND 
SCHEDULE  OF  UNIT  STRAINS. 


MATERIAL. 


Process  of 
Manufacture. 


I.     Steel  shall  be  made  by  the  open-hearth  process. 
Schedule  of  Requirements.    2. 


Chemical  and  Physical 
Properties 

Structural  Steel 

Rivet  Steel 

Steel  Castings 

Phosphorus  Max . .  |  ]^^?^ 

0.04  percent. 
0.08    ••      ■• 
0.05    "      " 

0.04  percent. 
0.04    ••      " 
0.04    ••      " 

0.05  per  cent. 
O.OH    ••      •• 
0.05    '■ 

Ultimate  tensile  strength 
Pounds  per  square  inch  

Elongation ;  min.  %  in  8" -j 

.<               11        11      2" 

Desired 

60000 

1,500,000* 

Desired 

50000 

1,500,000 

Not  less  than 
65000 

Ult.  tensile  str'gth 

22 

Silky 

180°  flatt 

Ult.  tensile  str'gth 

Silky 
180°  flatj 

18 

)  Silky  or  fine 

Cold  bends  without  fracture 

(            granular 
90° 

*See  paragraph  11.    tSee  paragraphs  12,  13  and  14.    JSee  paragraph  15. 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in 
the  test  reports. 
^Allowable  3-     Steel    testing  on  first  tests  within  4,000  pounds  of  the 

Variations,  desired  ultimate,  will  be  accepted,  provided  it  fulfills  the  other 
requirements  of  these  specifications.  Steel  testing  on  first  test 
more  than  4,000  pounds,  and  not  over  5,000  pounds  above  or  below  the  de- 
sired ultimate,  may  be  retested  on  the  same  gauge.  Two  retests  shall  be 
made,  both  of  which  shall  test  within  5,000  pounds  of  the  desired  ultimate 
to  be  accepted. 
^Chemical  4.     Chemical  determinations  of  the  percentages  of  carbon, 

Analyses,  phosphorus,  sulphuf  and  manganese  shall  be  made  by  the 
manufacturer  from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each 
melt  of  steel  and  a  correct  copy  of  such  analysis  shall  be  furnished  to 
the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished 
material,  if  called  for,  in  which  case  an  excess  of  25  per  cent,  above  the 
required  limits  will  be  allowed. 
Form  of  5.     Plates,    Shapes    and    Bars  :     Specimens    for   tensile 

Specimens,  and  bending  tests  for  plates,  shapes  and  bars  shall  be*  made  by 
cutting  coupons  from  the  finished  product,  which  shall  have  both  faces 
rolled  and  both  edges  milled  to  the  form  shown  by  Fig.  i ;  or  with  both 
edges  parallel ;  or  they  may  be  turned  to  a  diameter  of  %  inch  for  a  length 
of  at  least  9  inches,  with  enlarged  ends. 

6.  Rivets  :     Rivet  rods  shall  be  tested  as  rolled. 

7.  Pins   and   Rollers:     Specimens   shall   be   cut   from    the   finished 
rolled  or  forged  bar,  in  such  manner,  that  the  center  of  the  specimen  shall 

♦See  amendments  page  141. 
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be  I  inch  from  the  surface  of  the  bar.  The  specimen  for  tensile  test  shall 
be  turned  to  th«  form  shown  by  Fig.  2.  The  specimen  for  bending  test 
shall  be  i  inch  by  V2  inch  in  section. 

*8.  Steel  Castings:  The  number  of  tests  will  depend  on  the  char- 
3.cter  and  importance  of  the  castings.  Specimens  shall  be  cut  cold  from 
coupons  molded  and  cast  on  some  portion  of  one  or  more  castings  from 
each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size.  The 
coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is 
cut  off. 


About  3"    J^       Parallel  Section 


Not  less  than  g"     „ 


I  >2-^M-^!-i^Etc-. 

1^ About  18-"- 


About  2" 


Annealed  Q.     Material,    which   is    to  be   used   without   annealing  or 

Specimens,  further  treatment,  shall  be  tested  in  the  condition  in  which  it 
comes  from  the  rolls.  When  material  is  to  be  annealed  or  otherwise 
treated  before  use,  the  specimen  representing  such  material  shall  be  simi- 
larly treated  before  testing. 

^Number  lo.     At  least  One  tensile  and  one  bending  test   shall  be 

of  Tests,  made  from  each  melt  of  steel  as  rolled.  Steel  more  than  25 
per  cent,  thicker  or  thinner  than  that  tested  shall  be  separately  tested. 
Separate  tests  shall  also  be  made  for:  ist,  plates,  2d,  angles  and  Z  bars, 
3d,  beams  and  channels.  4th,  bars  and  rods. 

Modifications  II.     For    material    less    than    5-16   inch    and    more    than 

in  elongation.  %  indi  [^  thickness  the  following  modifications  will  be  allowed 
in  the  requirements  for  elongation : 

(a)  For  each  1-16  inch  in  thickness  below  5-16  inch,  a  deduction  of 
2V2  per  cent,   will  be   allowed  from  the   specified   elongation. 

(b)  For  each  Vs  inch  in  thickness  above  %  inch,  a  deduction  of  i  per 
cent,   will  be  allowed   from   the   specified   elongation. 

(c)  For  pins  and  rollers  over  3  inches  in  diameter  the  elongation  in 
8  inches'  may  be  5  per  cent,  less  than  that  specified  in  paragraph  2. 

♦See  amendments  page  141. 
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Bending  12.     Bending  tests  may  be  made  by  pressure  or  by  blows. 

Tests.         Plates,  shapes  and  bars  less  than  i   inch  thick  shall  bend  as 
called  for  in  paragraph  2. 
Thick  13-     Full-sized  material  for  eye-bars  and  other  steel  i  inch 

Material,    thick  and    over   shall    bend    cold    i8o    degrees    around    a    pin 
the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  bar,  without 
fracture  on  the  outside  of  bend. 
Bending  14.     Angles  %  inch  and   less  in  thickness  shall  open  flat 

Angeles.      and   angles    ¥2   inch    and   less   in  thickness    shall   bend   shut, 
cold,   under   blows    of   a    hammer,    without   sign    of    fracture.     This    test 
will  be  made  only  when  required  by  the  inspector. 
Nicked  15.     Rivet  Steel,  when  nicked  and  bent  around  a  bar  of 

Bends.       the  same  diameter  as  the  rivet  rod,  shall  give  a  gradual  break 
and  a  fine   silky,  uniform  fracture. 

16.     Finished  material  shall  be  free  from  injurious  seams, 
flaws,    cracks    or    defective    edges    and    have    a    workmanlike 


*Pinish. 

finish. 

stamping 


17.  Every  finished  piece  of  steel  shall  have  the  melt 
number  and  the  name  of  the  manufacturer  stamped  or  rolled 
upon  it.  Steel  for  pins  and  rollers  shall  be  stamped  on  the  end.  Rivet 
and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above 
marks  on  an  attached  metal  tag. 

Defective  18.     Material  which,  subsequent  to  the  above  tests  at  the 

Material,  mills,  and  its  acceptance  there,  develops  weak  spots,  brittleness, 
cracks  or  other  imperfections,  or  is  found  to  have  injurious  defects,  will  be 
rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer  at  his 
own  cost. 

Allowable  ^9-     ^  variation  in  cross-section  or  weight  of  each  piece 

Variation  in  of  stcel  of  more  than  2%  per  cent,  from  that  specified  will  be 

Weight,     sufficient  cause  for  rejection,  except  in  case  of  sheared  plates, 

which  will  be  covered  by  the  following  permissible  variations,  which  are 

to  apply  to  single  plates. 

When  20.     Plates  12%  pounds  per  square  foot  or  heavier: 

Ordered  to  (a)     Up  to  100  inches  wide,  2V2  per  cent,  above  or  below 

Weight,      the  prescribed   weight. 
(b)     One  hundred  inches  wide  and  over,  5  per  cent,  above  or  below. 
21.     Plates  under  12%  pounds,  per  square  foot: 

(a)  Up  to  75  inches  wide,  2V2  per  cent,  above  or  below. 

(b)  Seventy-five  inches  and  up  to  100  inches  wide,  5  per  cent,  above 
or  3  per   cent,   lielovv. 

(c)  One  hundred  inches  wide  and  (ivcr,  10  per  cent,  above  or  3  per 
cent.   l)eIow. 

When  2^-     Plates   will   be  accepted   if  they   measure    not  more 

Ordered  to    than  .01  inch  below  the  ordered  thickness. 
Gauge.  23.     An   excess  over  the  nominal   weight,   corresponding 

to  the  dimensions  on  the  order,  will  be  allowed  for  each  plate,  if  not  more 
♦See  amendments  page  141. 
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than  that  shown   in  the  following  tables,   one  cubic   inch  of  rolled  steel 
being  assutned  to  weigh  0.2833  pounds. 

*24.     Plates  ^  inch  and  over  in  thickness. 


Thickness 

Nomina 

1 

Width  of  Plate 

Ordered 

Weights  • 

Up  to  75  inch 

75"  and  up  to  100" 

100"  and  over 

1-4    inch 
5-16    " 
3-8       " 
7-16    •' 
1-2       " 
9-16    " 
5-8       " 
Over  5-8      " 

10.20  1b 
12.75    ' 
15.30     ' 
17.85     ' 
20.40     • 
22.95     • 
25.50     • 

s. 

10  per  ce 
8    ••      • 
7     "      ' 
6     •'       ' 
5    "      • 

4ys"    ' 
4  .1    . 

3H'      ' 

nt. 

14  per  cent. 
12    "      " 
10    ••      " 

8     "       " 
7     "       •• 

6     "       " 
5     "        ' 

18  per  cent. 

16    "      " 

13    "      " 

10     "      " 

9     "      " 

8^"      '• 

8     "      " 

6^"      " 

^25.     Plates  under  Vi  inch  in  thickness. 


Thickness 

Nominal 

Weights 

Lbs.  per  square  ft. 

Width  of  Plate 

Ordered 

Up  to  50  inches 

50  inches  and  over 

1-8    "  up  to  5-32  " 
5-32       "    "  3-16 
3-16       ■•    "  1-4 

5.10  to    6.37 
6.37  "     7.65 
7.65  "  10.20 

10     per  cent. 

814    "      " 
7        "       " 

15     per  cent. 

12^8      "         " 

10        "      " 

INSPECTION    .^NB   TESTING    AT   THE    MILLS. 

26.  The  purchaser  shall  be  furnished  complete  copies  of  mill  orders, 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has 
been  notified  where  the  orders  have  been  placed,  so  that  he  may  arrange 
for  the  inspection. 

27.  The  manufacturer  shall  furnish  all  facilities  for  inspecting  and 
testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manu- 
factured. He  shall  furnish  a  suitable  testing  machine  for  testing  the  speci- 
mens, as  well  as  prepare  the  pieces   for  the  machine,    free  of  cost.    ' 

28.  When  an  inspector  is  furnished  by  the  purchaser  to  inspect  mate- 
rial at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills 
where  material  to  be  inspected  by  him  is  being  manufactured. 

*2g.  The  inspector  will  stamp  each  accepted  piece  with  a  private 
mark.  Any  piece  not  so  marked  or  any  piece,  which,  through  an  over- 
sight or  otherwise,  he  has  passed,  that  is  defective  or  contrary  to  the 
specifications,  may  be  rejected  at  any  stage  of  the  work. 


WORKMANSHIP. 

30.     All  parts   forming  a   structure   shall  be  built  in  ac- 
cordance   with    approved    drawings.     The    workmanship    and 
finish  shall  be  equal  to  the  best  practice  in  modern  bridge  works. 


General. 


*See  amendments   pp.    141,   14i: 
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straightening         31.     Material    shall    be    thoroughly    straightened    in    the 
Material.      shop,  by  methods  that  will  not  injure  it,  before  being  laid  ofif 
or  worked  in  any  way. 

32.     Shearing  shall  b/?  neatly  and  accurately  done  and  all 
Finish.  portions  of  the  work  exposed  to  view  neatly  finished. 

22.    The  size  of  rivets,  called  for  on  the  plans,   shall  be 
understood  to  mean  the  actual  size  of  the  cold  rivet  before 

heating.  .       .  :     .     ,       .. 

34.  When  general  reammg  is  not  required,  the  diameter 
\et    oes.    ^^  ^^^  punch  for  material  not  over  %  inch  thick  shall  be  not 

ir.orc  than  1-16  inch,  nor  that  of  the  die  more  than  Vs  inch  larger  than  the 
diameter  of  the  rivet.  Material  over  %  inch  thick,  except  minor  details, 
and  all  material  where  general  reaming  is  required,  shall  be  subpunched 
and  reamed  as  per  paragraph  62,  or  drilled  from  the  solid.  Rolled  beams 
and  channels  used  in  floors  of  railroad  bridges  shall  be  subpunched  and 
reamed,  or  drilled  from  the  solid. 

35.  Punching    shall    be    accurately    done.     Slight    inac- 
unc  ing.        (-^racy  in  the  matching  of  holes  may  be  corrected  with  ream- 
ers.    Drifting  to  enlarge  unfair  holes  will  not  be  allowed.     Poor  matching 
of  holes  will  be  cause  for  rejection  at  the  option  of  the  inspector. 

36.  Riveted  members  shall  have  all  parts  well  pinned  up 
ssem     ng.    ^^^  firmly  drawn  together  with  bolts  before  riveting  is  com- 
menced.    Contact  surfaces  to  be  painted,  (see  paragraph  66). 

-?7.     Lattice  bars  shall  have  neatly  rounded  ends,  unless 

Lattice  Bars.        ,  .  „     ,     , 

Otherwise   called   tor. 

Web  38.     Stiffeners  shall  fit  neatly  between  flanges  of  girders. 

stiffeners.     Where  tight  fits  are  called  for  the  ends  of  the  stiffeners  shall 
be  faced  and  shall  be  brought  to  a  true  contact  bearing  with  the  flange 
angles. 
Splice  Plates  39-     ^^^  splice  plates   and   fillers   under   stiffeners   shall 

and  Fillers,  be  cut  to  fit  within  Vs  inch  of  flange  angles. 

..,  ,  „,  40.     Web  plates  of  girders,  which  have  no  cover  plates, 

Web  Plates.  . 

shall  be  flush  with  the  backs  of  angles  or  project  above  the 

same  not  more  than  Vs  inch,  unless  otherwise  called  for.  When  web  plates 
are  spliced,  not  more  than  %-inch  clearance  between  ends  of  plates  will  be 
allowed. 

Connection  41.     Connection   angles    for   floor   girders    shall    be   flush 

Angles.  with  each  other  and  correct  as  to  position  and  length  of 
girder.  In  case  milling  is  required  after  riveting,  the  removal  of  more 
than  1-16  inch  from  their  thickness  will  be  cause  for  rejection. 

.  42.     Rivets   shall   be   driven  by   pressure   tools    wherever 

possible.     Pneumatic  hammers  shall  be  used  in  preference  to 
hand  driving. 

43.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape, 
full  and  of  equal  size.  They  shall  be  central  on  shank  and  grip  the  as- 
sembled pieces  firmly.  Recupping  and  calking  will  not  be  allowed.  Loose, 
burned  or  otherwise   defective  rivets  shall  be  cut  out  and   replaced.     In 
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cutting  out  rivets  great  care  shall  be  taken  not  to  injure  the  adjacent  metal. 
If  necessary  they  shall  be  drilled  out. 

Turned  44-         Wherever  bolts  are  used  in  place  of  rivets  which 

Bolts.         transmit   shear,   the   holes    shall   be   reamed   parallel    and  the 
bolts  turned  to  a  driving  fit.     A  washer  not  less  than  ^  inch  thick  shall 
be  used  under  nut. 
♦Members  to  45.     The   several   pieces   forming  one  built  member   shall 

be  straight,  fit  closely  together,  and  finished  members  shall  be  free  from 
twists,  bends  or  open  joints. 
Finish  46.     Abutting   joints    shall    be   cut   or    dressed    true    and 

of  Joints.  straight  and  fitted  close  together,  especially  where  open  to 
view.  In  compression  joints  depending  on  contact  bearing  the  surfaces 
shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

Field  47.     Holes    for    floor    girder    connections    shall    be    sub- 

Connections,  punched  and  reamed  with  twist  drills  to  a  steel  template  i  inch 
thick.  Unless  otherwise  allowed,  all  other  field  connections  shall  be  as- 
sembled in  the  shop  and  the  unfair  holes  reamed ;  and  when  so  reamed  the 
pieces  shall  be  match-marked  before  being  taken  apart. 

48.  Eye-bars  shall  be  straight  and  true  to  size,  and  shall 
be  free  from  twists,  folds  in  the  neck  or  head,  or  any  other 
defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forging.  Welding 
will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies 
in  use  at  the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the 
engineer,  but  the  manufacturer  shall  guarantee  the  bars  to  break  in  the 
body  with  a  silky  fracture,  when  tested  to  rupture.  The  thickness  of  head 
and  neck  shall  not  vary  more  than  1-16  inch  from  the  thickness  of  the  bar. 
Boring  49-     Before   boring,   each    eye-bar    shall    be   properly  an- 

Eye-Bars.  nealed  and  carefully  straightened.  Pin  holes  shall  be  in  the 
center  line  of  bars  and  in  the  center  of  heads.  Bars  of  the  same 
length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  1-32 
inch  smaller  in  diameter  than  the  pin  holes  can  be  passed  through  the  holes 
at  both  ends  of  the  bars  at  the  same  time. 

SO.     Pin  holes  shall  be  bored  true  to  gages,  smooth  and 

Pin  Holes.  .,  ...  ,  ,  r.i  u  j 

Straight ;    at    right    angles    to    the    axis    of    the    member    and 

parallel  to  each  other,  unless  otherwise  called  for.     Wherever  possible,  the 

boring  shall  be  done  after  the  member  is  riveted  up. 

51.     The  distance   center  to  center  of  pin  holes  shall  be  correct  within 

1-32  inch,  and  the  diameter  of  the  hole  not  more  than  1-50  inch  larger 

than  that  of  the  pin,  for  pins  up  to  5  inches  diameter,  and  1-32  inch  for 

larger  pins. 

Pins  and  5^*     'P'^^5  and  rollers  shall  be  accurately  turned  to  gages 

Rollers.      and  shall  be  straight  and  smooth  and  entirely  free  from  flaws. 

„.,      ,,  S3.     At  least  one  pilot  and  driving  nut  shall  be  furnished 

Pilot  Nuts.  . 

for  each  size  of  pin  for  each  structure. 

♦See  amendments  page  142. 
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Screw  54.     Screw  threads  shall  make  tight  fits  in  the  nuts  and 

Threads.  g|^^|j  ^y^  United  States  standard,  except  at  ends  of  pins  and 
for  bolts  over  iV^  inches  in  diameter,  for  which  six  threads  per  inch  shall 
be  used. 

Anneaiinif  55-     Steel,  except  in   minor  details,  which  has  been  par- 

tially heated    shall  be  properly  annealed. 
Steel 

Castings.  56.     All  Steel  castings  shall  be  annealed. 

Welds,  57.     Welds  in  steel  will  not  be  allowed.' 

58.     Expansion    bed    plates    shall    be    planed    true    and 
smooth.     Cast   wall   plates   shall   be  planed   top    and   bottom. 
The  cut  of  the  planing  tool  shall  correspond   with  the  direction  of  ex- 
pansion. 

Shipping:  59-     Pins,  nuts,  bolts,  rivets  and  other  small  details  shall 

Details.      ^g  boxed  Or  crated. 

„,  ,  ^  60.     The  weight  of  every  piece  and  box  shall  be  marked 

Weight.  .  .      . 

on  It  in  plaui  figures. 

ADDITIOX.^L    SPECIFICATIONS    WHEN    GENERAL    REAMING    AND    PLANING    ARE 

REQUIRED. 

*Planing  gj      Sheared  edges  and  ends  shall  be  planed  off  %  inch. 

Edges. 

62.     Punched  holes  shall  be  made  with  a  punch  3-16  inch 
eaming.         smaller  in  diameter  than  the  nominal  size  of  the  rivets  and 
shall  be  reamed  to  a  finished  diameter  of  not  more  than  1-16  inch  larger 
than  the  rivet. 
Reaming  ^3-     Wherever  practicable,    reaming   shall    be    done   after 

after  the  pieces  forming  one  built  member  have  been  assembled 
Assembling,  ^nd  firmly  bolted  together.  If  necessary  to  take  the  pieces 
apart  for  shipping  and  handling,  the  respective  pieces  reamed  together 
shall  be  so  marked  that  they  may  be  reassembled  in  the  same  position  in 
the  final  setting  up.  No  interchange  of  reamed  parts  will  be  allowed. 
Removing     *  64.     The  burrs  on  all  reamed  holes  shall  be  removed  by 

Burrs.  3  tool  countersinking  about   1-16  inch. 

SHOP  PAINTING. 

65.  Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned 
and  given  one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be 
called  for,  well  worked  into  all  joints  and  open  spaces. 

66.  In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be 
painted  before  being  riveted  together. 

67.  Pieces  and  parts  which  are  not  accessible  for  painting  after  erec- 
tion, including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords, 
etc.,  shall  have  a  good  coat  of  paint  before  leaving  the  shop. 

68.  Painting  shall   be  done  only   when   the   surface  of  the  metal  is 
•See  amendments  page  142. 
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perfectly  drj'.     It   shall   not  be  done  in  wet  or   freezing  weather,    unless 
protected  under  cover. 

6g.  Machine  finished  surfaces  shall  be  coated  with  white  lead  and 
tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION    AND    TESTING   AT   THE    SHOPS. 

70.  The  manufacturer  shall  furnish  all  facilities  for  inspecting  and 
testing  weight,  and  the  quality  of  workmanship  at  the  shop  where  material 
is  manufactured.  He  shall  furnish  a  suitable  testing  machine  for  testing 
full-sized  members  if  required. 

71.  The  purchaser  shall  be  furnished  complete  shop  plans,  and  must 
be  notified  well  in  advance  of  the  start  of  the  work  in  the  shop,  in  order 
that  he  may  have  an  inspector  on  hand  to  inspect  material  and  workman- 
ship. Complete  copies  of  shipping  invoices  shall  be  furnished  to  the  pur- 
chaser with  each  shipment. 

72.  When  an  inspector  is  furnished  by  the  purchaser,  he  shall 
have  full  access,  at  all  times,  to  all  parts  of  the  shop  where  material  under 
his  inspection  is  being  manufactured. 

7Z.  The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark. 
Any  piece  not  so  marked  may  be  rejected  at  any  time,  and  at  any  stage 
of  the  work.  If  the  inspector,  through  an  oversight  or  otherwise,  has 
accepted  material  or  work  which  is  defective  or  contrary  to  the  specifica- 
tions, this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected 
by  the  purchaser. 

FULL-SIZED  TESTS. 

74.  Full-sized  parts  of  the  structure  may  be  tested  at  the  option  of 
the  purchaser.  If  tested  to  destruction,  such  material  shall  be  paid  for  at 
cost,  less  its  scrap  value,  if  it  proves  satisfactory. 

75.  If  it  does  not  stand  the  specified  tests,  it  will  be  considered  re- 
jected material,  and  be  solely  at  the  cost  of  the  contractor,  unless  he  is 
not  responsible  for  the  design  of  the  work. 

y6.  In  eye-bar  tests  the  ultimate  strength,  true  elastic  limit  and  the 
elongation  in  10  feet,  unless  a  different  length .  is  called  for,  shall  be 
recorded. 

77.  In  transverse  tests  the  lateral  and  vertical  deflections  shall  be 
recorded. 

SUGGESTED  SCHEDULE  OF  UNIT  STRAINS. 

All  parts  of  the  structure  shall  be  so  proportioned  that  the  sum  of 
maximum  strains  shall  not  exceed  the  following  amounts  in  pounds  per 
square  inch  of  cross-section : 

Tension    16,000 

Compression    16,000 — 70 — 

Where  I  is  length  of  member  in  inches  and  r  the  least  radius  of  gyra- 
tion in  inches. 
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Rivets  and  pins,  bearing  22,000 

Rivets  and  pins,  shear   1 1,000 

Pins,  bending  on  extreme  fibres  24,000 

Plate  girder  webs,  shearing  on  net  section 10,000 

Bearing  on  granite  masonry   500 

Bearing    on    sandstone,    limestone    and    Portland 

cement   concrete  masonry    300 

Expansion  rollers,  per  lineal  inch 600  x  D 

Where  D  is  diameter  of  roller. 

These  units  to  be  used  for  all  strains  due  to  vertical  and  lateral  loads, 
with  the  strains  due  to  train  loads  reduced  to  equivalent  static  loads  by 
a  proper  impact  formula. 

Respectfully  submitted, 

J.  P.  Snow,  Bridge  Engineer,  Boston  &  Maine  Railroad,  Boston,  Mass., 
Chairman; 

B.  Douglas,  Bridge  Engineer,  Michigan  Central  Railroad,  Detroit,  Mick, 

Vice-Cliairman; 
John  Brunner,  Assistant  General  Superintendent,  North  Works,  Illinois 

Steel  Company,  Chicago,  111. ; 
T.  L.  CoNDRON,  Consulting  Engineer,  Chicago,  111. ; 

C.  L.  Crandall,  Professor  of  Railroad  Engineering,   Cornell  University, 

Ithaca,  N.  Y. ; 
J.  E.  Greiner,  Engineer  B.  &  B.,  Baltimore  &  Ohio  Railroad,  Baltimore, 

Md.; 
Wm.   M.  Hughes,  Consulting  Bridge   Engineer,   Chicago,   111. ; 
Wm.  Michel,  Engineer  Maintenance  of  Way,  Hocking  Valley  Railroad, 

Columbus,  O. ; 
C.  C.  Schneider,  Vice  President,  American  Bridge  Company,  New  York, 

N.  Y.; 

J.  R.  Worcester,  Consulting  Engineer,  Boston,  Mass., 

Committee. 
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AMENDENTS  TO  REPORT  ON  IRON  AND  STEEL  STRUCTURES. 


Allowable  3.    Tensile   tests   of  steel   showing   an  ultimate    strength 

Variations,  within  5,000  pounds  of  that  desired  will  be  considered  sat- 
isfactory, except  that  if  the  ultimate  strength  varies  more  than  4,000 
pounds  from  that  desired,  a  retest  shall  be  made  on  the  same  gage,  which 
to  be  acceptable  shall  be  within  5,000  pounds  of  the  desired  ultimate. 

Clieinical  4.     Chemical  determinations  of  the  percentages  of  carbon, 

Analysis,  phosphorus,  sulphur  and  manganese  shall  be  made  by  the 
manufacturer  from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each 
melt  of  steel  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the 
engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished  ma- 
terial, if  called  for  by  the  purchaser,  in  which  case  an  excess  of  25  per 
cent,  above  the  required   limits   will   be  allowed. 

Steel  8.     Steel   Castings.    The  number   of  tests   will   depend 

Castings.  on  the  character  and  importance  of  the  castings.  Specimens 
shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of  one 
or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are 
of  sufficient  size.  The  coupon  or  sink  heads,  so  used,  shall  be  annealed 
with  the  casting  before  it  is  cut  off.  Test  specimens  to  be  of  the  form 
prescribed  for  pins  and  rollers. 

Number  10.     At  least  one  tensile  and  one   bending  test  shall  be 

of  Tests.  made  from  each  melt  of  steel  as  rolled.  In  case  steel  differing 
%-inch  and  more  in  thickness  is  rolled  from  one  melt,  a  test  shall  be  made 
from  the  thickest  and  thinnest  material   rolled. 


Finish 


16.     Finished  material  shall  be  free  from  injurious  seams, 
flaws,  cracks,  defective  edges,  or  other  defects,  and  have 
smooth,  uniform,  workmanlike  finish. 

24.     Plates  %-inch  and  over  in  thickness. 


Thickness 

Nominal 
Weights 

Width  of  Plate 

Ordered 

l'l>  to  75  inch 

75  and  up  to    100   inch  and  v.,.„,.  n-  =„  u 
100  inch       up  to  115  inch  O'*''  l^''  '"'^h 

1-4  inch 

10.20  lb.s. 
12.75    •• 
15.30    •• 
17.85    •• 
20.40    " 
22.95    '• 
25.50    " 

10  per  cent. 

«    ■•      ■■ 
7     ••       '• 
6     '•       " 
5     "       " 
4!/s"      •• 
4     "       " 

3y,"     ■' 

14  per  cent.  ]     18  per  cent. 
12    "      ■'            16    '■       •' 
10    ••      '•           13     "      •• 
8    '■      "           10    •'      •• 

7     ^'      ••       1       9    "      •• 

ey.-'     "     j     8%'-'    ■■ 

6     ■'       ■'              8     "       ■• 

5    ■■     ••           6y,-'     ■• 

'    5-16    " 

3-8      " 
7-16    " 
1-2      " 
9-16    •' 
5-8      •' 
Over  5-8 

17  per  cent. 
13     ■•      - 
12    ■■      •' 
11     '•      •• 
10    •■      '■ 
9     •■ 
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25.     Plates  under  %-inch  in  thickness. 


Thickness 

Nominal  Weights 
Lbs.  per  square  ft. 

Width  of  Plate 

Ordered 

Up 'to  50  inches. 

'r7^oVn"cl"'>ver701nch. 

1-8  •'  up  to  5-32  '.' 
5-32    •■    "  3-16 
3-16    ■•     ••  1-4 

5.10  to     6.37 
6.37    •'      7.65 
7.65    "    10.20 

10     percent. 

7 

15     per  cent.       20  per  cent. 
121/.    ■•     '•           17    "     ■• 
10       •■     ••       1    15    ••     •• 

i 

29.     Omit  paragraph. 

Members  to  45-     The  several   pieces   forming  one  built  member  shall 

be  straight,  be    Straight   and   fit   closely   together,    and    finished    members 
shall  be  free  from  twists,  bends  or  open  joints. 

Planing  61.     Sheared  edges  and  ends  shall  be  planed  off  at  least 

Edges.  1/4-inch. 

Amend  heading  "Unit  Strains"  to  read  "Suggested  Schedule  of  Unit 
Strains." 
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APPENDIX  TO  REPORT  ON  IRON  AND  STEEL  STRUC- 
TURES. 


I.— DISCUSSION    ON    SPECIFICATIONS    FOR   STRUC- 
TURAL STEEL. 

(From   Bulletin  No.   29.) 
REVIEW    BY   J.    P.    SNOW. 

The  subject-matter  of  a  Specification  for  Material  divides  itself  into 
I.     Process  of  manufacture. 


Chemical  requirements. 

Grades  of  steel. 

Requirements  of  manufacture. 

Physical  requirements. 

Inspection. 

Variation  in  weight  and  gauge. 


(l).  Fortunately  we  can  confine  our  material  to  open-hearth  steel 
without  opposition.  Most  bridge  shops  carry  Bessemer  steel  in  stock,  but 
I  think  the  time  is  fast  approaching  when  all  first-class  bridge  building 
concerns  will  use  only  open-hearth  material.  If  our  Association  and  the 
American  Society  for  Testing  Materials  can  unite  on  a  uniform  specifica- 
tion for  structural  steel,  I  feel  assured  that  the  so-called  manufacturers' 
standard,  which  allows  Bessemer  steel,  will  fall  out  of  use. 

There  is  a  feeling  of  distrust  on  the  part  of  some  in  regard  to  basic 
steel.  This  arises  probably  from  the  fact  that  stock  which  is  higher  in 
phosphorus  can  be  used  in  the  basic  furnace  than  is  admissible  in  the 
acid.  The  poor  results  obtained  with  the  basic  Bessemer  converter  in 
this  country  may  have  been  a  factor.  Another  reason  for  this  feeling  may 
be  the  assertion  of  metallurgists  that  if  the  two  classes  have  identically 
the  same  chemical  composition  and  mill  treatment,  acid  steel  will  average 
about  2,000  pounds  per  square  inch  higher  in  ultimate  strength  than 
basic. 

This  distrust  of  basic  steel  is  somewhat  prevalent  among  British 
engineers.  To  show  that,  it  is  founded  on  a  misconception,  I  quote  from 
an  address  given  by  Mr.  C.  E.  Strohmeyer  before  the  Institution  of  En- 
gineers and  Shipbuilders,  Glasgow,  in  which  he  described  the  process  of 
manufacture  on  the  continent  of  basic  open-hearth  steel  from  a  dephos- 
phorized stock: 

"My  opportunities  to  study  what  I  venture  to  call  basic  refined  steel, 
and   comparing  it  with  acid   steel,   have  been   exceptionally   favorable  and 
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extensive,  both  in  English,  German,  Belgian  and  Austrian  works,  and  I 
believe  that  this  experience  may  help  to  familiarize  the  members  of  this 
Institution  with  a  material  which  has  proved  itself  equal,  if  not  superior, 
to  steel  made  in  this  country.  Although  it  is  produced  in  a  basic  furnace, 
I  do  not  wish  to  class  it  with  the  two  other  basic  qualities  which  are 
made,  respectively,  in  a  Thomas  converter  or  in  a  basic  open-hearth,  be- 
cause these  two  qualities  have  not  earned  for  themselves  in  this  country 
a  good  reputation  in  shipbuilding  yards  and  boiler  shops.  In  fact,  the 
word  'basic'  when  applied  to  steel,  is  to  many  ears  biit  another  word  for 
'rotten.'  To  tell  shipbuilders  in  this  coutitry  that  German  ships  and 
boilers  are  almost  exclusively  built  of  'basic'  steel  awakens  their  curiosity, 
but  to  volunteer  the  further  information  that  failures  with  such  plates 
are  rare  is  to  court  being  regarded  as  a  romancer." 

After  comparing  the  results  of  a  large  series  of  tension  and  bending 
tests,  he  continues: 

"These  results  confirm  the  opinion  which  is  universally  held  on  the 
continent, — that  the  two  steels,  although  they  both  go  by  the  name  of 
'basic,'  cannot,  as  is  done  in  this  country,  be  classed  together.  It  has  been 
my  endeavor  to  make  this  clear,  and,  if  possible,  to  pave  the  way  for  the 
introduction  of  what  I  have  ventured  to  call  basic  refined  steel, — a  ma- 
terial which  seems  to  surpass  that  produced  in  the  acid  open-hearth,  and 
which  may,  perhaps,  be  the  stepping-stone  to  higher  limits  of  tenacity,  and 
further  reductions  of  scantlings." 

Mr.  Wm.  R.  Webster,  in  commenting  on  this  address,  says : 

"All  that  has  been  said  by  Mr.  Strohmeyer  in  favor  of  the  use  of 
basic  refined  steel,  as  made  on  the  continent,  equally  applies  to  the  basic 
open-hearth  steel  as  made  in  the  United  States,  and  confirms  the  good 
opinion  that  the  government  engineers  and  leading  civil  engineers  of  the 
United    States   have   of  this    material." 

The  remarkable  record  of  307,000  axles,  cited  by  Dr.  Dudley  at  the 
Atlantic  City  meeting  of  the  American  Society  for  Testing  Materials,  last 
June,  and  referred  to  by  Mr.  Condron  at  our  Chicago  annual  meeting, 
were  basic  steel.  The  great  bulk  of  structural  steel  being  produced  at 
present  in  Eastern  mills  is  basic,  and  I  am  assured  by  parties  conversant 
v/ith  mill  work  that  the  conditions  that  brought  the  basic  furnace  into 
favor  are  here  to  stay.  It  is  natural  and  businesslike  that  a  furnace  that 
allows  the  use  of  a  flux  which  will  remove  the  deleterious  elements  of  iron 
ore  should  become  the  favorite.  It  is  probable  that  chemists  of  the  future 
will  find  that  the  excess  of  strength  mentioned  above  of  acid  over  basic 
steel  of  identical  composition  and  mill  treatment  is  due  to  hardening  sub- 
stances contained  in  the  metal  not  detected  by  the  present  methods  of 
analysis,  showing  that  our  chemistry  is  at  fault  rather  than  the  method 
of  manufacture. 

The  regular  run  of  the  commercial  output  of  the  mills  at  present 
shows  3  to  4  points  less  phosphorus  in  basic  than  in  acid  steel  with  cor- 
respondingly more  carbon,  and  as  carbon  is  by  far  the  best  hardener  yet 
found,  it  would  appear  that,  scientifically,  basic  steel  should  be  preferred. 

The  large  amount  of  recarbonizing  needed  for  the  higher  steels  may 
be  accompanied  with  more  risk  from  the  re-absorption  of  phosphorus  and 
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formation  of  iron  oxide  in  the  basic  bath  than  can  occur  in  the  acid,  but 
for  soft  steel  the  risk  is  not  appreciable. 

It  is  likely  that  for  the  grade  of  steel  proper  for  structural  work  there 
is  no  practical  difference  between  the  two  classes  and  that  no  objection 
ought  to  be  raised  to  the  indiscriminate  use  of  either. 

(2).  Phosphorus  should  be  kept  as  low  as  is  commercially  prac- 
ticable. For  acid  steel  .08  per  cent,  is  as  low  as  can  be  insured 
economically  by  mills  using  producer  gas,  and  steel  with  this  content  is 
all  right  for  structural  use;  hence  it  is  proposed  in  our  specification. 
As  advocated  by  some,  .c6  will  rule  out  acid  steel  in  competition  with  .04 
basic  in  many  mills.  It  may  be  noted  on  the  schedule  opposite  page  236 
of  the  current  annual  report,  that  the  Carnegie  Company,  through  Mr. 
Monell,  Engineer  of  Tests,  advocates  .06  acid,  but  when  it  is  remembered 
that  that  company  makes  no  acid  open-hearth,  the  weight  of  the  testi- 
mony falls. 

It  may  be  contended  that  if  .08  is  allowed  in  acid  steel,  there  is  no 
use  in  holding  it  down  to  .04  in  basic;  but  if  everything  is  regular  and 
proper  about  a  basic  bath,  the  phosphorus  will  not  exceed  .04.  Hence 
to  exclude  abnormal  and  irregular  melts  the  usual  limits  have  been 
adopted. 

Sulphur  is  limited  to  .05  per  cent.  It  is  claimed  by  many  that  sul- 
phur affects  metal  only  when  hot,  and  hence  that  users  of  structural  steel 
can  rely  on  the  manufacturers  to  keep  it  low  enough  to  be  unobjectionable. 
But  cases  have  been  known  when  the  hot-short  action  of  sulphur  has  been 
neutralized  by  manganese  so  that  physical  tests  did  not  detect  it,  and  the 
micro-flaws  which  it  produced  caused  disastrous  failure  in  use. 

Sulphur  is  an  active  segregating  element  and  it  produces  micro-flaws, 
which,  from  the  inherent  property  of  steel  to  allow  cracks  to  creep  through 
the  metal  when  once  started,  are  very  objectionable.  It  would  seem  to  be 
wise  to  retain  the  limit  proposed. 

It  may  be  advisable  to  demand  a  certain  minimum  content  of  man- 
ganese in  very  soft  steel  for  rivets.  Opinions  from  engineers  skilled  in 
metallurgy  are  desired  on  this  point. 

It  must  be  remembered  in  considering  contents  of  metalloids  that  the 
metal  from  which  our  tests  are  made  is  ordinarily  taken  from  test  ingots 
in  which  there  is  no  segregation,  and  that  if  samples  from  the  center  of 
the  top  blooms  are  tested,  after  the  discards  have  been  made,  they  will 
show  at  least  25  per  cent,  more  of  these  elements  than  the  ordinary  furnace 
test.  That  is,  melts  that  show  .04  and  .08  per  cent,  phosphorus  and  .05  sul- 
phur will  have  .05,  .10  and  .o6Vi  per  cent.,  respectively,  in  the  pieces  rolled 
from  the  top  blooms. 

(3).  Grades  of  Steel. — On  this  phase  of  the  subject  the  Committee 
was  divided  last  year  except  as  to  rivet  steel.  The  rock  on  which 
we  split  was  the  vigorous  advocacy  by  a  part  of  our  members  of  two  grades 
of  steel  with  a  zone  of  difference  between  their  ranges,  with  the  object 
of  bringing  about  the  manufacture  of  two  distinct  classes  of  steel,  one 
suited  for  plain  punching  and  the  other  for  reaming  and  planing.     Un- 

10 
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fortunately  the  proposed  zone  of  difference  covered  steel  of  60,000  pounds 
ultimate  strength,  which  is  about  the  average  of  what  most  engineers  con- 
sider the  best  material  for  bridges.  The  essence  of  the  arguments  for  this 
scheme  and  for  a  single  grade  are  given  in  the  report  and  its  discussion. 
Since  the  report  was  presented,  the'^zone  of  difference"  idea  appears  to  have 
declined  in  favor,  and  now,  apparently,  commands  but  few  supporters,  and 
the  question  narrows  to  the  common  American  practice  of  two  grades, 
meeting  or  overlapping,  and  a  single  grade  scheme  simijar  to  that  proposed 
in  the  report  and  now  in  common  use  in  Europe.  Judging  from  the  dis- 
cussions at  Chicago  and  Atlantic  City,  the  sentiment  of  many  engineers  is 
favorable  to  a  single  grade,  but  each  one  desires  the  range  to  cover  the 
particular  field  favored  by  him.  This  results  in  a  total  range  of 
about  20,000  pounds,  from  which  it  is  evident  that  if  a  single  uniform  grade 
is  to  be  recommended  a  compromise  must  be  effected. 

At  first  glance  it  might  seem  that  the  time-honored  scheme  of  two 
grades  would  be  preferable,  allowing  each  engineer  to  select  the  particular 
class  that  he  deems  best;  but  this  method  in  practice  defeats  its  own 
aims,  since  it  is  a  fact  that  only  one  grade  is  manufactured  and  both 
soft  and  medium  are  rolled  from  the  same  melt.  It  is  claimed  by  some 
that  this  statement  is  incorrect,  but  we  have  abundant  evidence  from 
many  inspectors  and  others  conversant  with  mill  practice  that  the  great 
bulk  of  medium  steel  supplied  is  below  65,000,  and  the  great  bulk  of  soft 
steel  over  55,000,  the  average  being  close  to  62,000  or  63,000.  This  being 
a  fact,  it  seems  unscientific  to  prescribe  different  unit  stresses  and  different 
shop  treatment  for  material  that  is  practically  the  same. 

As  stated  by  Mr.  C.  C.  Schneider  at  Atlantic  City,  we  have  reached 
a  point  in  the  development  of  structural  work  where  we  ought  to  be  able 
to  select  the  grade  of  material  that  is  best  adapted  to  the  work  to  be  done. 
It  is  childish  to  insist  that  a  few  thousand  pounds  difference  in  the  ulti- 
mate strength  is  of  vital  importance;  the  table  given  by  Mr.  Condron  in 
his  Atlantic  City  paper  shows  this.  Ordinary  structures  can  be  so  de- 
signed as  to  be  perfectly  satisfactory  if  built  of  steel  of  proper  quality 
with  an  ultimate  strength  anywhere  from  50,000  to  70,000  pounds.  Of 
course,  as  we  approach  the  upper  limit  the  shop  work  must  be  of  a  differ- 
ent character  from  that  which  may  be  allowed  on  softer  steel.  Not  only 
must  punched  holes  be  reamed  and  sheared  edges  planed,  but  all  pieces 
cold  straightened  or  partially  heated  must  be  annealed.  Soft  steel  may 
be  plain  punched,  sheared,  etc.,  or  it  may  be  reamed,  planed  and  annealed 
if  desired. 

On  this  phase  of  the  subject  the  Committee  has  received,  during  last 
year  and  this,  replies  from  manufacturers  and  others,  from  which,  for  the 
information  of  our  members,  I  quote  as  follows: 

Paul  Kreuzpointner,  Engineer  of  Tests,  Pennsylvania  Railroad,  writ- 
ing of  rivets,  says: 

"Now  then  we  see  that  the  softer  the  steel  the  fewer  hard  ribs  there 
are  to  get  crushed  while  riveting,  and,  therefore,  the  softer  the  steel  the 
better  the  chances  to  fill  the  hole  and  press  the  metal  on   to  the  surface 
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of  the  plate  and  the  greater  the  chance  to  avoid  the  one  or  other  of  the 
multitudes  of  incidents,  cold  rivets,  temporary  loss  of  power,  inattention, 
etc.,  etc.,  which  tend  to  lower  the  average  quality  of  work  done  while 
riveting  a  structure.  Or  in  other  words,  the  security  of  the  structure  is 
increased  in  proportion  to  the  fewer  hard  ribs  there  are  in  the  matrix, 
always  provided  the  matrix  is  of  the  proper  consistency;  and  I  believe 
that  even  for  large  rivets  53,000  pounds  steel  is  sufficiently  strong,  while 
for  smaller  ones  46,000  is  a  good  strength.  If  rivet  iron  of  45,000  pounds 
is  strong  enough,  rivet  steel  of  46,000  or  47,000  ought  to  be  ample." 

Of  soft  and  medium  steel  he  says : 

'"Good,  homogeneous  basic  or  acid  soft  steel  of  53,000  to  60,000 
pounds  is  as  tough  as  leather ;  from  60,000  on  it  is  apt  to  assume  a  granu- 
lar structure  at  times,  which  then  makes  it  fit  for  medium  steel,  and  there- 
fore, while  no  risk  is  or  may  be  taken  with  62,000  pounds  steel  for  soft 
purposes,  we  get  all  we  want  in  the  60,000  pounds  steel.  .  .  .  Medium 
steel  calls  for  a  considerable  degree  of  stififness,  and  70,000  is  not  too 
high,  while  still  not  too  hard  to  work,  provided  the  steel  is  not  subjected 
to  the  deteriorating  action  of  contraction  and  expansion  by  varying  degrees 
of  heat,  like  a  furnace." 

H.  H.  Campbell,  Superintendent  and  General  Manager,  Pennsylvania 
Steel  Companj' : 

"Would  say  that  the  specification  as  published  by  the  International 
Association  gives  the  requirements  in  soft  and  medium  steel,  but  it  does 
not  assume  that  the  engineer  will  necessarily  specify  these  two  different 
grades.  It  simply  gives  the  qualities  that  should  be  required  if  he  does 
order  either  or  both  of  these  grades.  There  is  no  objection  at  all  to  or- 
dering one  grade  running  from  55,000  to  65,000,  and  we  would  prefer 
that  an  order  should  be  placed  that  way,  and  I  do  not  see  from  either 
the  manufacturer's  or  engineer's  standpoint  how  any  fault  could  be  found 
with  such  a  specification,  and  I  did  not  suppose  that  the  specification  as 
worded  would  indicate  that  the  manufacturer  recommended  two  different 
grades;  they  merely  provided  for  the  fact  that  engineers  do  specify  two 
and  even  more  grades  of  material  for  the  same  bridge,  or  that  some  en- 
gineers want  a  soft  steel  while  others  want  a  hard  steel. 

"As  to  your  last  inquiry,  it  would  be  hard  to  state  what  the  maximum 
ultimate  limit  for  strength  would  be  for  a  safe  limit  for  open-hearth  steel. 
The  answer  you  would  get  would  be  quite  different  probably  from  dif- 
ferent people,  but  I  think  that  70,000  pounds  as  an  upper  limit  is  as  high 
as  the  engineer  has  a  right  to  go  in  railway  work,  and  I  believe  that  from 
55,Qoo  to  65,000  pounds  would  be  still  safer  in  bridges  which  are  ex- 
posed to  the  shocks  of  a  railway  train  running  from  30  to  60  miles  an  hour 
as  is  usual  in  present  practice." 

Geo.  E.  Thackaray,  Structural  Engineer,  Cambria  Steel  Company : 
"I  think  that  the  two  classes  of  soft  and  medium  steel  both  have  their 
uses  and   should  be   retained,  and  for   the  principal  members  of  bridges 
medium  steel  should   be  used. 

"With  regard  to  the  maximum  upper  limit  of  ultimate  strength  of 
open-hearth  steel  for  bridge  work,  this  may  be  seventy  thousand  pounds 
(70,000),  as  specified  for  medium  steel,  and  it  is  my  further  opinion  that 
a  somewhat  higher  limit  might  be  used  with  safety,  in  certain  cases,  pro- 
vided the  material  is  fabricated  and  handled  in  a  proper  manner;  but  based 
upon  present  practice  and  experience,  anything  above  seventy  thousand 
pounds  (70,000)  in  ultimate  strength  would  be  a  special  quality." 
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J.  W,  Anderson,  General  Superintendent,  Carbon  Steel  Company: 

"I  think  it  would  be  all  right  to  order  steel  55,000  to  65,000  tensile 
strength,  for  the  reason  that  medium  steel  calls  for  60,000  to  70,000,  and 
I  think  70,000  is  a  little  too  high.  -  Of  course,  in  ordering  55,000  to  65,- 
000,  you  would  have  to  order  a  thicker  plate,  as  no  doubt  j'ou  are  well 
aware.  If  ordering  60,000  to  70,000,  you  would  not  have  to  have  such  a 
heavy  plate,  nor  would  you  have  to  pay  for  as  much  weight,  but  as  far  as 
safety  goes,  think  55,000  to  65,000  would  be  the  safer;  in  fact,  am  sure 
it  would  be.  .  .  .  In  regard  to  your  second  questidn  relative  to  safety 
on  upper  limit,  would  say  for  bridge  work  or  anything  that  is  liable  to 
a  shock  65,000  is  high  enough  for  an  upper  limit." 

A.  Monell,  Engineer  of  Tests,  Carnegie  Steel  Company : 
"Beg  to  state  that  we  entirely  endorse  substitution  of  one  class  of 
steel  of  55,000  pounds  to  65,000  pounds  tensile  strength  in  place  of  the 
two  classes  of  steel  known  as  soft  and  medium  which  are  now  usually 
specified.  We  believe  that  such  a  modification  would  work  to  the  advan- 
tage of  both  the  engineer  and  the  manufacturer.  .  .  .  We  believe  that 
as  steel  up  to  70,000  pounds  ultimate  strength  has  proved  satisfactory  for 
a  number  of  years,  it  would  be  quite  safe  to  have  the  tensile  strength  go 
as  high  as  70,000  pounds  to  the  square  inch." 

James  Christie,  Mechanical  Engineer,  American  Bridge  Company: 

"I  would  state  that  it  appears  to  me  desirable  for  all  structural  pur- 
poses to  have  only  two  grades  of  steel,  one  of  soft,  low  tension  steel 
for  rivets;  the  other  with  a  tensile  strength  of  55,000  to  65,000  pounds, 
or  perhaps  better,  57,000  to  67,000  pounds.  I  would  not  object,  so  far  as 
its  utility  is  considered,  to  this  latter  steel  for  rivets,  as  when  of  good 
quality,  it  is  known  to  give  most  excellent  service;  the  objection  being 
that  rivet  steel  of  this  high  tensile  strength  is  very  hard  to  drive  solid  in 
the  field,  and  much  extra  expense  is  entailed  in  its  use. 

"I  have  no  valid  reason  why  we  should  make  a  distinction  in  the 
grades  of  steel  for  general  structural  purposes.  It  might  be  urged  that 
the  high  tension  steel  is  known  to  be  much  more  useful  in  compression 
members.  To  this  might  be  added,  that  no  good  reason  has  ever  been 
presented  why  it  should  not  be  used  for  tension  members  also.  Consid- 
ering its  service  alone,  I  rather  favor  the  higher  limit  of  tensile  strength, 
and  would  not  object  to  a  higher  limit  still,  but  there  is  a  large  quantity 
of  basic  open-hearth  steel  now  made,  averaging  probably  about  57,ooo 
pounds  tensile  strength,  which  is  a  very  excellent  material  and  is  the 
natural  product  of  the  furnace,  under  ordinary  conditions,  without  resort- 
ing to  means  for  a  special  recarburizalion  of  the  metal. 

"If  acid  process  steel  was  to  be  used,  I  would  place  the  limit  at  least 
60,000  to  70,000  pounds,  perhaps  a  little  above  that.  The  objection  to 
specifying  different  grades  for  different  parts  of  structures  is  that  it  in- 
volves extra  expense,  in  keeping  the  material  separated,  etc.,  with  a  strong 
probability  of  its  becoming  mixed  during  the  manufacture,  despite  the 
vigilance  of  the  inspector.  If  it  could  be  demonstrated  that  it  was  very 
desirable  to  maintain  a  distinction,  of  course  the  different  grades  could 
be  carefully  classified  and  separated,  but  the  manufacturer  usually  consid- 
ers this  a  matter  of  minor  importance,  and  will  not  resort  to  unusual 
methods  to  classify  the   steel. 

"Regarding  your  final  inquiry  it  is  known  that  we  must  have  high 
tension  steel  for  material  that  is  subject  to  the  severest  character  of 
service,  such  as  ordnance,  armor,  etc.  Long  experience  with  car  axles 
appears  to  indicate    that   steel   probably  averaging  80,000  pounds  tensile 
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strength  is  desirable.  This  is  not  only  from  its  better  resistance  to  shock, 
but  also  its  better  wearing  quality  in  journals.  The  principal  danger  that 
might  result  from  the  use  of  high  tension  steel  would  be  from  the  greater 
danger  of  segregation  of  the  contained  metalloids.  The  high  carbon  steel 
is  also  more  liable  to  be  injured,  or  to  be  in  an  abnormal  condition,  as  the 
result  of  overheating.  I  think  if  such  high  tension  steel  was  to  he  con- 
sidered for  use  in  bridges,  the  subject  of  shop  treatment  would  have  to 
be  more  closely  watched  than  otherwise.  Also  that  annealing  might  be 
more  frequently  required.  So  far  as  I  have  been  able  to  observe,  however, 
I  certainly  would  not  object  to  material  of  70,000  pounds  tensile  strength." 

C.  C.  Schneider,  Vice-President,  American  Bridge  Company: 

"I  consider  steel  of  55,000  to  65,000  pounds  ultimate  strength  a  proper 
material  for  punched  work  without  reaming  up  to  a  thickness  of  %-inch 
and  also  for  the  manufacture  of  eye-bars  and  pins." 

D.  W.  Lum,  Engineer  B.  &  B.,  Southern  Railway: 

"Rivet  steel  usually  fails  not  so  much  from  lack  of  tensile  strength 
as  from  strains  induced  by  hammering,  etc.  The  softer  the  steel  the  less 
the  ill  effects  of  the  working." 

Wm.  R.  Webster.  Consulting  and  Inspecting  Engineer,  Philadelphia: 

"All  steel  is  injured  by  punching.  The  higher  the  tensile  strength  the 
greater  the  injury  and  the  thicker  the  piece  of  steel  the  greater  the  injury." 

H.  B.  Seaman,  Consulting  Engineer,  New  York: 

"The  objection  to  the  use  of  steel  is  that  property  which  permits  a 
crack  to  creep  through  a  member  under  vibratory  strains,  after  it  has  once 
started,  however  soft  the  steel,  although  it  is  less  apt  to  occur  in  soft 
steel  than  in  hard  steel." 

H.  H.  Campbell,  in  a  paper  read  before  the  American  Society  of  Civil 
Engineers,  in  1895,  says : 

"It  is  the  opinion  of  the  author  that  a  softer  metal  than  is  often  em- 
ployed should  be  used  for  bridges,  because  although  a  slight  sacrifice  is 
made  in  the  ultimate  strength  this  is  partly  offset  by  the  higher  elastic 
ratio  and  a  decided  increase  in  toughness  and  resistance  to  shock,  so  that 
calculations  may  be  made  on  the  same  basis  for  working  load  as  with  a 
harder  metal.  The  fact  that  the  elastic  ratio  rises  as  the  ultimate  strength 
decreases  is  not  generally  recognized,  but  will  be  shown  by  comparing  tests 
of  groups  of  angles  in  Table  11,  which  were  made  by  the  same  process,  of 
the  same  thickness  and  which  contains  the  same  percentage  of  phosphorus. 
It  will  be  found  that  in  every  case  the  stronger  steel  gave  a  lower  elastic 
ratio.  The  tendency  in  the  first  epoch  of  steel  structures  was  towards  a 
hard  alloy,  but  the  later  practice  has  been  a  continual  progress  towards 
toughness.  There  was  a  halt  in  this  movement  at  a  tensile  strength  of 
60,000  pounds,  not  entirely  on  account  of  any  magic  virtue  in  that  figure,  but 
because  the  ordinary  mild  steels  gave  that  result,  and  a  much  higher  price 
was  charged  for  a  softer  metal.  Later  improvements  in  manufacture  and 
the  introduction  of  the  basic  hearth  altered  the  economic  situation.  A  steel 
with  a  tensile  strength  of  50,000  to  58,000  pounds  per  square  inch  is  a 
most  attractive  material,  possessing  all  the  good  characteristics  of  wrought 
iron  with  far  greater  strength  and  toughness,  and  it  seems  probable  that 
it  will  be  extensively  used  in  the   future." 
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Mr.  A.  E.  Hunt  says,  in  discussing  this  paper : 

"For  purposes  when  the  metal  has  to  withstand  violent  impact  I 
prefer  to  place  a  higher  unit  strain  upon  the  soft  bridge  steel  described, 
with  a  tensile  strength  of  50,000  to  58,000  pounds  per  square  inch,  than 
upon  the  medium  steel  of  60-68,000 'pounds  per  square  inch." 

Mr.  John  S.  Deans,  Chief  Engineer,  Phoenix  Bridge  Company,  in  the 
same  discussion,  advocates  a  single  grade  for  bridge  work  having  an  ulti- 
mate strength  of  57,ooo  to  65,000,  saying: 

"This  steel  will  fulfill  every  ordinary  requirement  of  an  engineer.  It 
is  a  grade  that  will  not  be  injured  by  manipulations  in  the  shop.  Above 
certain  thicknesses,  holes  should  be  drilled  or  punched  and  reamed,  and 
sheared  edges  planed,  like  wrought  iron,  for  extra  thicknesses.  ...  It 
may  appear  to  many  that  the  suggestion  of  fixing  upon  one  standard  grade 
is  rather  a  bold  one,  and  tends  to  reduce  the  resources  of  the  engineer. 
When  it  is  borne  in  mind  that  this  is  only  a  suggestion  for  the  regular 
ordinary  trade  work,  the  suggestion  may  appear  less  unreasonable.  For 
structures  of  great  magnitude,  involving  peculiar  features,  and  called  upon 
to  sustain  enormous  and  variable  concentrated  loads,  machinery  subject  to 
severe  shocks,  tools  performing  special  duties,  and  in  all  structures  not 
met  with  in  ordinary  practice,  an  engineer  should  be  free  to  adopt  those 
requirements  necessary  to  meet  special  features  of  design.  Any  steel 
manufacturer  stands  ready  to  furnish  material  of  any  grade  from  very 
soft  to  very  hard.  For  these  few  and  special  cases  the  engineer  and  buyer 
must  expect  to  pay  the  extra  cost.  It  is  to  throw  this  extra  cost  on  these 
special  cases  and  on  works  of  great  importance  where  it  belongs,  and  not 
to  increase  the  expense  of  all  the  ordinary  and  less  important,  structures, 
that  the  writer  suggests  one  main  standard   for  ordinary  bridge  steel." 

Mr.  A.  C.  Cunningham  says,  in  defending  the  "drop  of  beam"  method 
of  determining  elastic  limit   (see  Engineering  News.  April   18.   1895)  : 

"When  a  structure  has  been  loaded  to  the  true  elastic  limit  of  the  ma- 
terial it  fails.  Before  we  can  know  that  it  has  failed  it  must  pass  the 
scale  beam  elastic  limit,  when,  from  the  stretching  of  the  material  and 
the  sagging  of  the  structure,  wc  know  very  well  what  has  happened. 
Right  here  is  the  reason  why  soft  steel  is  generally  preferable  to  hard  for 
structures.  After  hard  steel  has  passed  the  scale  beam  elastic  limit  it 
gives  way  with  little  additional  stretch,  while  soft  steel  stretches  consid- 
erably before  rupture  and  thus  may  give  ample  warning  of  danger." 

Attention  is  called  to  the  discussion  of  a  paper  by  Mr.  J.  A.  L.  Wad- 
dell  on  "Elevated  Railroads,"  presented  to  the  American  Society  Civil 
Engineers,  February,  1897,  in  which  the  merits  of  various  grades  of  steel 
are  vigorously  discussed  by  many  eminent  engineers.  There  is  shown 
the  usual  diversity  of  opinion  characteristic  of  our  American  democracy, 
some  claiming  that  medium  steel  is  the  only  material  fit  to  use  in  bridges 
and  others  that  soft  steel  only  is  safe.  The  question  is  well  summed  up 
by  Mr.  Lee  Treadwell,  who  shows  the  startling  difference  between  the 
tweedlcdee  and  tweedledum  of  the  matter,  when  he  says : 

"In  specifications  for  soft  steel  the  ultimate  strength  is  generally 
limited  to  60,000  or  62,000  pounds  per  square  inch,  while  for  medium  steel 
it  is  generally  required  that  the  ultimate  strength  shall  be  not  less  than 
58,000  to  60,000  pounds.    Here  there  is  a  maximum  lap  of  4.000  pounds. 
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The  engineer  who  wrote  the  specifications  for  soft  steel  could  not  be  per- 
suaded to  change  to  medium,  and  the  designer  who  called  for  medium 
steel  would  be  highly  indignant  if  asked  to  accept  the  softer  metal.  The 
truth  of  the  matter  is,  however,  that  many  mills  are  daily  filling  orders 
for  both  specifications  from  the  same  grade  of  metal.  Its  ultimate  strength 
averages  from  58,000  to  62,000  pounds  per  square  inch,  and  as  the  limits 
of  neither  specification  are  transgressed,  both  the  engineer  and  the  designer 
are  well  pleased  with  what  they  get." 

As  stated  in  the  Atlantic  City  discussion,  my  preference  is  for  a  range 
from  53,000  to  61,000  pounds  ultimate.  I  believe  that  this  is  the  proper 
product  of  the  present  day  method  of  producing  steel ;  that  is,  on  the  basic 
hearth.  Whether  or  not  a  higher  steel  made  on  the  acid  hearth  would  be 
preferable  is  not  the  question.  Whether  nickle  steel  or  vanadium  steel 
would  not  be  better  than  carbon  steel  or  whether  they  will  not  be  the  steels 
of  the  future  is  not  up  for  discussion.  We  are  not  purists  or  agitators. 
Ours  is  a  railroad  organization.  We  are  in  the  race  for  matter-of-fact 
business,  and  must  make  our  bridges  of  commercial  material,  which  is 
basic  open-hearth  steel.  Those  who  say  that  good-enough  bridges  cannot 
be  made  of  this  everj'-day  run  of  soft  steel  have  never  tried  their  hand 
at    it. 

Axles,  rails,  hammer  shafts,  etc.,  should  be  made  of  higher  steel. 
They  are  subjected  to  far  severer  vibratory  strains  than  bridge  members 
and  hence  must  be  made  of  material  with  higher  elastic  limit.  The  shop 
manipulation  on  them  is  of  a  much  milder  character  than  on  bridge  work 
and  hence  harder  steel  is  admissible.  Moreover,  their  shape  is  more  reg- 
ular than  bridge  members  and  hence  a  metal  can  be  used  in  them  that 
would  be  improper  for  members  in  which  a  sudden  change  in  section  is 
unavoidable.  It  has  been  found  that  sudden  changes  in  the  diameter  of 
axles  is  fatal  to  their  life,  but  in  bridge  members  we  must  make  sudden 
changes  when  we  increase  the  section  or  connect  members  together.  x\n- 
other  very  important  consideration  is  that  axles,  rails,  etc.,  may  have  high 
unit  strains  because  their  only  mode  of  failure  from  overstrain  is  to 
break,  whereas  a  bridge  must  have  low  unit  strains  or  it  will  deflect  too 
much,  which  is  the  real  criterion,  in  most  cases,  in  judging  a  bridge.  The 
coefficient  of  elasticity  is  no  higher  for  high  steels  than  for  low ;  hence 
if  we  use  high  steel  we  must  use  the  same  unit  strains  as  we  would  with 
low  steel  if  we  would  have  an  equally  stiff  bridge.  We  do  not  design 
bridges  to  break  down;  we  design  them  to  stand  satisfactorily  under 
traffic,  and  the  last  10,000  pounds  of  their  ultimate  strength  is  of  no  in- 
terest to  us.  We  do  not  work  in  that  part  of  the  field.  Long  before  the 
unit  strains  in  a  well-designed  bridge  get  anywhere  near  the  last  half  of 
the  ultimate  strength  from  increase  in  train  weights,  the  bridge  will  call 
loudly  for  renewal  on  account  of  excessive  deflection  and  general  shaki- 
ness. 

As  shown  by  Islr.  Campbell,  we  can  strain  soft  steel  safely  to  a  higher 
percentage  of  its  ultimate  strength  than  we  can  harder  steel,  on  account 
of  its  elastic  ratio   being  higher,   and  if  the  elastic  limit  is  passed,  Mr. 
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Cunningham  claims  it  has  greater  endurance  and  ability  to  still  hang  on 
than  hard  steel  has. 

I  am  aware  that  many  engineers  prefer  medium  steel,  and  I  realize 
that  if  we  are  to  give  the  force  of  united  support  to  a  single-grade  scheme 
that  we  must  meet  on  middle  ground  and  I  am  willing  to  yield  my  soft 
steel  preferences  to  some  extent  if  some  medium  steel  man  will  yield  his. 
An  average  of  60,000  pounds  with  a  range  of  S,ooo  pounds  each  way  has 
been  suggested,  and  it  seems  to  be  a  fair  average  of  the  preferences  of  all. 

As  quoted  above,  a  single  grade  was  advocated  by  Mr.  J.  S.  Deans, 
in  189s,  and  in  1897,  in  their  discussion  of  Waddell's  paper  on  "Elevated 
Railroads,"  Messrs.  Greiner  and  Treadwell  pronounced  for  it.  Recent  dis- 
cussions show  its  actual  use  by  some  large  railroads  and  its  support  by 
many  engineers.  In  view  of  the  fact  that  it  is  in  common  use  on  the  con- 
tinent of  Europe  and  the  evidently  growing  sentiment  in  favor  of  it  in 
this  country  it  would  seem  best  for  our  Association  to  recommend  a  single 
grade  of  structural  steel  in  its  first  adopted  specification  for  metal  bridges. 

Since  preparing  the  abstract  of  European  practice  given  elsewhere  in 
this  issue,  I  am  informed  by  Mr.  C.  C.  Schneider  that  the  Union  of  Ger- 
man Architects  and  Engineering  Societies,  the  Society  of  German  En- 
gineers and  the  Society  of  German  Metallurgists  have  united  upon  a 
standard  specification  for  structural  steel  for  bridges  and  buildings  which 
has  also  been  adopted  by  the  Prussian  and  Bavarian  State  Railways.  It 
calls  for  a  single  grade  to  show  in  tension  tests  of  material  from  li  inch  to 
1%  inch  thick : 

Lengthwise     52,600  to  62,600  lbs.  per    sq.  in.  niin.  elongation  20"^ 

Crosswise     51,200  to  64,000  lbs.  per    sq.  in.  min.  elongation  17^ 

Rivets  and  bolts  51,200  to  59,700  lbs.  per    sq.  in.  min.  elongation  22^ 

The  range  of  10,000  pounds  between  55,000  and  65,000  is  rather  large, 
but  as  mills  settle  down  to  a  uniform  product  it  will  be  easy  in  the  future 
to  reduce  the  range. 

As  this  feature  of  the  specification  is  the  point  on  which  your  Com- 
mittee divided  last  year,  it  is  hoped  that  the  above  presentation  of  the  case 
will  bring  out  the  views  of  the  members  in  full. 

Rivet  material  from  48,000  to  56,000  ultimate  is  recommended  in  the 
specification,  and  seems  to  be  satisfactory  for  shop  work.  Attention  is 
called  to  Kreuzpointner's  explanation  of  the  reason  for  the  necessity  of 
soft  metal  for  rivets.  Several  railroads  in  their  replies,  from  which  the 
schedule  on  page  236  of  the  annual  report  was  made  up.  state  that  they 
use  iron  rivets.  My  experience  shows  that  the  steel  named  above  is  all 
right  for  machine  driving  at  shops  and  possibh^  higher  steel  could  be 
safely  used  if  sufficient  care  was  used  in  controlling  the  heating.  But  for 
field  work  it  is  highly  desirable  that  a  softer  metal  be  used.  An  upper 
limit  of  53,000,  as  named  by  Kreuzpointner,  is  amply  high. 

Field  rivets  are  the  most  important  ones  in  a  structure.  Frequently 
they  are  difficult  to  get  at,  bucking  up  may  be  awkward,  but  one  man 
able  to  strike,  etc.,  the  net  result  being  that  the  rivet  is  likely  to  cool  to 
blue  heat  or  below  before  the  work  is  finished.    Iron  is  not  injured  by  such 
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treatment,  but  steel  of  56,000  pounds  ultimate  is.  Moreover,  to  provide 
for  difficult  driving,  the  heaters  will  make  the  rivets  as  soft  as  possible 
by  overheating,  which  injures  refined  iron  but  little,  while  it  is  fatal  to 
steel  of  much  carbon.  The  difficulty  of  closing  down  rivets  by  hand  in- 
creases rapidly  with  the  carbon,  and  in  view  of  all  circumstances  it  seems 
to  me  advisable  to  recommend  a  special  grade  of  material  for  hand-driven 
rivets.  I  very  much  prefer  Burden  iron  to  any  grade  of  steel.  The  Ameri- 
can Society  for  Testing  IMaterials  specify  a  grade  called  extra  soft  for 
boiler  rivets  with  limits  of  45,000  to  55,000.  I  would  suggest  adding  a 
clause  to  our  specification  calling  for  field  rivet  stock,  if  steel,  to  show  an 
ultimate  strength  between  46,000  and  53,ooo  with  elongation  of  .30  per 
cent  with  severe  physical  tests  to  detect  rottenness  from  an  overdose  of 
oxygen.     Or  Burden's  best  iron  as  an  alternate. 

It  is  hoped  that  the  members  will  express  their  experience  freely  on 
the  subject  of  rivets. 

(4).  Requirements  of  Manufacttire. — Control  of  heat  treatment, 
recarburizing  processes  and  limits  of  segregation : 

This  field  has  been  looked  into  but  slightly  as  yet  in  the  buying  of 
structural  material.  It  is  pertinent  to  say  that  the  manufacturer  should  be 
left  alone  with  these  features  and  that  the  purchaser  should  content  himself 
with  inspecting  the.  product  and  rejecting  that  which  is  unfit.  In  reply  it 
can  be  said  that  regulating  the  chemical  structure  is  almost  universally 
admitted  to  be  necessary,  and  the  above  incidents  of  manufacture  are 
exactly  in  line,  and  will  some  day  be  considered  equally  important. 

Rail  buyers  are  already  moving  towards  control  of  heat  treatment.  It 
is  a  difficult  problem  when  structural  steel  is  considered,  but  it  is  very 
important  and  some  control,  except  the  desire  of  the  rollers  to  put  through 
as  much  tonnage  as  possible,  will  sometime  be  evolved.  It  is  suggested 
that  the  inspector  watch  the  rolling  and  be  empowered  to  order  test  speci- 
mens cut  from  any  parts  or  pieces  that  he  suspects  of  being  finished  too 
hot.  A  practical  impact  test  is  a  desideratum  in  this  connection.  In  the 
case  of  thin  plates  too  cold  rolling  might  occur,  and  if  suspected  by  the 
inspector,  annealing  could  be  ordered. 

Recarburizing  seems  to  be  necessary  with  the  basic  hearth.  It  is  a 
dangerous  operation  if  an  impure  slag  is  present.  The  vigorous  chemical 
reaction  set  up  renders  the  metal  liable  to  reabsorb  phosphorus  from  the 
slag.  It  may  be  that  more  or  less  finely  crushed  coke  is  not  the  best  material 
to  use  in  recarburizing;  improved  methods  may  be  found  to  insure  more 
perfect  uniformity  in  the  effect  of  the  operation,  and  means  may  be  found 
to  safely  remove  the  impure  portion  of  the  slag  before  the  reagent  is  in- 
troduced. Discussion  and  study  can  do  no  harm;  perhaps  someone  can 
suggest  a  practical  method  of  control  from  the  buyer's  standpoint. 

Segregation  is  an  ever  present  enemy.  As  stated  elsewhere,  it  m.ay 
be  confidently  expected  that  the  maximum  content  of  all  the  metalloids 
will  be  at  least  25  per  cent  more  than  the  furnace  test  shows.  It  should 
be  our  endeavor  to  assure  ourselves  that  the  over-run  is  not  greater  than 
this. 
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(5).  Physical  Requirements. — Aside  from  tests  to  determine  ulti- 
mate strength  phj^sical  tests  are  needed  to  insure  ductility,  toughness, 
ability  to  resist  shock  and  to  detect  rottenness,  micro-flaws  and  irregu- 
lar or  abnormal  conditions  of  any  kind. 

I  wish  to  join  Mr.  C.  C.  Schneider  in  the  recommendation  that  he 
makes  in  his  Atlantic  City  discussion  in  favor  of  dropping  the  determina- 
tion of  elastic  limit  or  yield  point  from  our  commercial  testing  of  steel.  A 
knowledge  of  the  true  elastic  limit  of  our  material  is  necessary  for  sci- 
entific purposes,  but  the  long  columns  of  figures  given  on  our  weekly  in- 
spection reports  under  the  head  of  yield  point  do  not  give  us  this  knowl- 
edge. They  give  us  no  information  of  value  regarding  the  quality  of  the 
steel.  If  for  some  reason  the  figures  should  run  lower  than  desired,  I 
know  of  no  way  by  which  the  process  of  manufacture  could  be  changed  to 
raise  the  figures,  except  to  give  the  material  a  few  passes  through  the  rolls 
after  it  is  absolutely  cold.  This  we  certainly  do  not  want  to  encourage. 
The  yield  point  is  a  compound  of  speed  of  testing;  slip  in  the  jaws  of  the 
machine,  guess-work  and  elastic  resistance  of  the  specimen,  which  is  of 
no  use  whatever  to  us  in  designing  structures  or  judging  of  the  quality 
of  our  steel.  European  engineers  have  not  generally  required  its  deter- 
mination in  testing  material  and  I  suggest  that  we  omit  it  in  our  specifica- 
tion. To  show  the  total  lack  of  value  of  the  figures  that  we  get  from  our 
inspectors  I  append  a  table  given  by  Mr.  Wm.  R.  Webster,  in  his  discus- 
sion of  H.  H.  Campbell's  paper  on  "Structural  Steel,"  Trans.  Ameri- 
can Society  Civil  Engineers,  Vol.  XXXIII,  p.  372.  Certain  results  had 
been  obtained  by  the  X  Steel  Works  using  an  ordinary  testing  machine 
having  no  automatic  arrangement  for  operating  the  poise.  These  results 
were  questioned  by  Mr.  Webster  and  he  made  about  sixty  tests  on  the 
same  material  with  a  machine  having  an  electric  automatic  device  for  run- 
ning out  the  poise,  the  weighing  beam  making  and  breaking  the  circuit. 
He  checked  the  drop  of  beam  determination  of  elastic  limit  by  the  use  of 
dividers : 


Ult.  Strength, 
lbs.  jier  sq.  in. 

Elastic  Limit, 
lbs.  per  sq.  in. 

Elongation  in     Reduction  of 
8  in.,  per  cent  1  Area,  per  cent 

Sbape  

X 

Works 

Web- 
ster 

X 

Works 

Web- 
ster 

X 

Works 

Web- 
ster 

X 

Works 

Web- 
ster 

Rounds 

IJessemer 

Oi>en-hearth 

63249 
61621 

58889 
60258 

60890 
61050 

58180 
60288 

46086 
42523 

42362 
39053 

34951 
33169 

35943 

33488 

26.81 
28.38 

28.73 
29.98 

26.84 
28.55 

28.T8 
31.20 

53.8 
61.3 

56.2 
58.4 

63.9 
67  5 

Angles 

Bessemer 

Open-hearth 

60.1 
58.9 

Elongation  tells  us  a  great  deal  about  steel  that  is  important.  It  and 
the  ultimate  strength  vary  inversely  with  practical  uniformity,  as  stated 
by  von  Leber  in  his  report  to  the  Railway  Congress,  given  elsewhere  in  this 
Bulletin.  His  rating  of  different  classes  of  steel  by  hyperbolas  of  quality 
ranked  as  9,  10,  11  or  12,  when  expressed  in  metric  units,  is  quite  attract- 
ive from  a  scientific  point  of  view,  but  is  not  particularly  com.pact  or  con- 
venient to  use  when  in  English  units.     The  practice  of  some  American 
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engineers  of  calling  for  elongation  equal  to  1,500,000  divided  by  ultimate 
strength  is  easier  understood,  but  it  is  not  convenient  to  use  in  commer- 
cial testing.  The  figure  is  not  quite  so  high  either  as  the  regular  runs  of 
our  best  mills  give  at  present.  There  is  no  doubt  that  elongation  should 
vary  with  ultimate  strength,  especially  when  a  range  so  great  as  10,000 
pounds  is  allowed.  Elongation  is  usually  expressed  in  hundredths,  and 
26  per  cent,  is  easily  obtainable,  according  to  my  experience,  for  an  ulti- 
mate strength  of  60,000  pounds.  This  gives  us  a  product  of  15,600,  which 
for  the  range  proposed  is  practically  one  one-hundredth  for  2,500  pounds 
of  ultimate ;  hence  we  could  say :  Below  56,000  the  elongation  should 
not  fall  below  28  per  cent.,  between  56,000  and  58,500,  27  per  cent.,  58,500 
to  61,000,  26  per  cent.,  61,000  to  63,500,  25  per  cent.,  and  above  63,500, 
24  per  cent.  If  a  single  grade  is  used  by  nearly  all  consumers,  it  is  cer- 
tainly no  hardship  on  inspectors  to  commit  these  few  numbers  to  memory. 

The  units  here  proposed  contemplate  measuring  the  elongation  on  8 
inches  in  the  usual  way.  A  much  better  gauge  of  the  real  capacity  of 
the  material  would  be  obtained,  in  my  opinion,  by  following  the  practice 
of  Roumanian  engineers  in  counting  out  the  original  inch  of  the  specimen 
in  which  final  rupture  occurs.  The  capacity  of  metal  to  stretch  out  after 
pronounced  contraction  at  the  point  of  rupture  has  set  in,  is  not  of  great 
importance.  Great  capacity  of  this  sort  undoubtedly  indicates  toughness 
combined  with  ductility,  two  very  desirable  qualities  in  steel,  but  the  same 
thing  is  shown  in  a  more  definite  way  by  contraction  of  area,  which  was 
not  considered  worth  retaining  in  our  specification  by  the  Committee  last 
year.  If  elongation  is  measured  in  the  usual  way  the  result  is  a  com- 
pound of  this  local  pull-down  and  the  general  stretch  of  the  specimen,  and 
we  do  not  know  how  much  is  one  and  how  much  the  other.  It  would 
seem  advisable  to  ascertain  the  general  uniform  stretch  of  the  specimen 
and  if  the  peculiar  molasses-candy-like  ability  to  finally  stretch  out  is  de- 
sired, it  would  seem  best  to  ascertain  it  by  measuring  the  contraction  of 
area  and  measure  the  elongation  in  a  way  that  would  eliminate  the  uncer- 
tain action  that  may  occur  when  a  specimen  is  near  failure.  If  the  elonga- 
tion could  be  measured  at  the  yield  point  I  think  the  observation  would 
be  far  more  useful  than  the  record  for   elastic  limit. 

At  first  sight  it  may  seem  difficult  to  reject  the  inch  occupied  by  the 
contraction  of  rupture,  but  if  the  specimen  is  marked  off  into  half  inches 
before  strain  is  applied  it  will  always  be  easy  to  recognize  and  omit  the 
inch  containing  the  fracture. 

I  would  suggest  that  this  feature  be  introduced  into  our  specification. 

Bending  tests  are  of  the  first  importance.  Steel  up  to  65,000  ultimate 
in  specimens  i^-^-inch  wide  with  rolled  surfaces  when  not  over  %-inch 
thick  should  bend  180  degrees  flat  without  fracture  if  bent  in  a  press. 
Above  %-inch  thick  it  should  be  planed  to  %-inch  thick.  Rivet  rounds 
should  bend  double  when  slightly  nicked  without  complete  fracture;  the 
requirement  of  article  9  of  the  specification  is  perhaps  sufficient.  It  is  not 
necessary  to  specify  bending  without  nicking.  The  requirement  of  article 
5  regarding  fracture  is  important  and  should  be  retained. 
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It  is  doubtful  if  it  is  worth  while  to  retain  the  drifting  test.  It  appears 
by  the  evidence  of  those  conversant  with  the  subject,  that  it  is  seldom  that 
a  drifting  test  develops  poor  material.  In  expert  hands  very  ordinary 
metal  can  be  made  to  pass  any  reasonable  test  with  the  drift  and  it  would 
seem  best  to  omit  it  from  our  specification. 

(6).  Inspection. — Although  from  the  standpoint  of  the  buyer,  the 
ordinary  commercial  inspection  is  more  or  less  farcical,  it  is  almost  impera- 
tive under  existing  conditions  that  our  material  be  critically  reported  upon 
by  regular  inspectors. 

Undoubtedly  the  better  way  is  for  large  buyers  to  send  their  own 
employes  to  the  mills  and  shops,  but  this  is  not  feasible  in  many  cases,  and 
the  regulations,  so  far  as  a  specification  goes,  will  be  the  same  whether  the 
work  is  done  by  a  bureau  or  railroad  employes. 

The  work  must  be  done  so  as  not  to  interfere  seriously  with  the  ca- 
pacity of  the  mill,  at  the  same  time  opportunity  must  be  allowed  for  the 
buyer  to  obtain  a  fair  knowledge  of  what  is  being  furnished  to  him.  The 
essence  of  inspection  should  be,  it  seems  to  me,  to  test  the  general  run  of 
the  product  rather  than  individual  pieces,  holding  the  risk  over  the  manu- 
facturer of  rejection  of  large  quantities  if  the  tests  are  unsatisfactory. 
The  same  principle  should  apply  to  surface  defects  as  to  other  require- 
ments. It  certainly  is  a  hardship  to  all  concerned  to  rehandle  material  so 
that  all  surface  defects  can  be  discovered  by  the  inspector  and  a  shipment 
guaranteed  as  to  acceptance.  It  would  seem  preferable  to  throw  the  re- 
sponsibility upon  the  manufacturer  largely,  rejecting  short,  crooked  and 
defective  pieces  wherever  found  up  to  the  point  of  final  use  in  the  bridge 
shop. 

Inspectors  should  have  free  access  to  all  operations  while  material  is 
being  manufactured.  The  position  taken  by  some  mills  lately  of  refusing 
to  sell  material  subject  to  regular  inspection  must  be  discountenanced. 
Buyers  should  refuse  to  allow  their  contractors  to  patronize  mills  which 
refuse  furnace  or  other  tests.  Certain  mills  may  produce  perfectly  relia- 
ble material  without  any  inspection,  but  the  practice  of  waiving  inspection 
establishes  a  bad  precedent  and  is  thoroughly  unbusinesslike  from  the 
buyer's  point  of  view. 

I  do  not  see  the  .same  necessity  for  shop  inspection  as  for  mill  in- 
spection. The  shop  work  is  largely  in  evidence  when  the  work  is  de- 
livered, and  unsatisfactory  work  is  not  a  good  advertisement  for  a  given 
shop  for  a  subsequent  job.  If  the  work  is  reamed  and  planed  there  is 
nmch  more  need  for  inspection  than  if  it  is  plain  punched.  It  has  been 
my  experience,  as  a  whole,  to  get  better  shop  work  without  inspection 
than  with. 

(7).  Allowable  variation  in  tvcight  and  thickness. — Our  specifica- 
tion gives  a  schedule  of  allowances  for  weight  and  gauge.  It  is  possible 
that  this  scheme  should  be  modified  to  allow  plates  of  12%  pounds  per 
square  foot  and  heavier  to  vary  5  per  cent,  over  or  under  the  specified 
weight  when  over  100  inches  wide.  This  is  in  accordance  with  the  rules 
of  the  American  Society  for  Testing  Materials.  It  is  hardly  necessary 
for  our  specification  to  deal  with  lighter  plate  than  this. 
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Summary. 

The  conclusions  recommended  by  the  writer  to  be  applied  to  our 
specification  are  as  follows : 

First. — That  the  usual  restriction  to  open-hearth  steel  be  adhered  to 
and  that  basic  or  acid  be  allowed  as  per  our  draft  of  1901. 

Second. — That  the  chemical  units  of  last  year  be  retained  with  the 
addition,  perhaps,  of  a  minimum  manganese  in  rivet  steel. 

Third. — That  material  be  confined  to 

Structural   steel 55.000  to  65,000   pounds   ultimate 

Steel  for  machine  driven  rivets.  .48,000  to  56,000  pounds  ultimate 
Steel  for  hand  driven  rivets. ..  .46,000  to  53,000  pounds  ultimate 
or  Burden's  best  iron. 

Fourth. — That  som.e  control  be  prescribed  for  proper  heat  treatment, 
recarburizing.  and  top  discard  of  ingots. 

Fifth. — That  yield-point  determinations  and  drifting  tests  be  omitted, 
that  the  inch  containing  the  fracture  be  counted  out  in  measuring  elonga- 
tion, that  the  per  cent,  of  elongation  be  varied  one  point  for  2,500  pounds 
variation  in  ultimate  strength,  that  plain  and  nicked  bending  tests  and 
complexion  of  fracture  be  retained  and  that  an  impact  or  other  test  be  pre- 
scribed to  develop  micro-flaws,  overheating  and  rottenness. 

Sixth. — That  the  clauses  given  in  the  last  report  under  the  head  of 
"Inspection"  be  retained. 

Seventh. — That  the  allowances  for  plates  over  100  inches  wide,  when 
ordered  by  weight,  be  in  accordance  with  that  prescribed  by  the  American 
Society  for  Testing  Materials. 

DISCUSSION    ON   SPECIFICATIONS    FOR   ROLLED    STEEL. 
By  C.  C.  Schneider. 

In  response  to  the  request  of  the  Chairman  of  the  Committee  on  Iron 
and  Steel  Structures,  I  have  examined  the  proposed  specifications  and 
desire  to  call  the  Committee's  attention  to  the  following  points : 

Chemical  Requirements. — If  the  minimum  limit  of  phosphorus  for 
basic  steel  was  0.05  instead  of  0.04,  less  trouble  would  be  experienced  in 
obtaining  acceptable  material. 

Paragraph  16. — The  number  of  tests  required  on  different  varieties 
of  material  seems  to  be  reasonable,  excepting  the  last  clause,  which  pro- 
vides that  "Steel  differing  in  thickness  more  than  25  per  cent,  from  that 
tested  shall  require  separate  tests."  This  seems  unreasonable  and  unneces- 
sary, as  nothing  is  gained  by  making  the  extra  tests.  A  bar  one  inch  or 
l^  inch  thick  will  give  approximately  near  enough  the  same  results. 

Paragraph  ly. — Would  suggest  to  add  the  following  clause:  "If  the 
fracture  occurs  outside  of  the  middle  third  of  the  test  length,  the  test  may 
be  repeated  should  the  elongation  be  not  satisfactory." 

Branding,  Paragraph  22. — Would  suggest  to  substitute  the  word 
marking  for  branding.  Beams  and  channels  generally  have  the  manu- 
facturer's name  rolled  in  the  web;  the  manufacturers  may  also  be  willing 
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to  roll  their  names  in  other  shapes  and  plates,  but  they  certainly  will  de- 
cidedly object  to  stamping  the  year  and  class  of  steel  on  every  piece.  I 
think  the  heat  number  and  the  manufacturer's  name  or  mark  would  be 
enough  to  identify  a  piece  of  rolled  steel. 

Paragraph  ^j.— The  stamping  of  letters  2  inches  high  is  impracticable 
and  could  only  be  done  properly  under  a  hydraulic  press.  Letters  one- 
half  inch  high  will  answer  the  same  purpose. 

In  case  of  rejection,  it  is  not  likely  that  the  manufa'cturers  would  al- 
low any  material  to  be  stamped  in  such  a  way  as  to  signify  condemnation, 
as  material  rejected  under  one  specification  might  be  entirely  satisfactory 
for  other  work. 

Duties  of  Inspector,  Paragraph  24.— In  order  to  give  the  material  the 
proper  inspection  and  avoid  delays  and  unnecessary  handling  of  material, 
it  should  be  the  duty  of  the  inspector  to  be  on  hand  at  all  times  whenever 
required   by  the   manufacturer. 

Paragraph  2S. — As  the  mill  inspector's  decision  as  to  surface  inspection 
is  not  final,  but  the  material  may  be  rejected  at  any  stage  during  the 
process  of  construction  for  surface  imperfections,  I  would  suggest  to  hold 
the  manufacturer  responsible  for  surface  defects  and  dispense  with  sur- 
face inspection  at  the  mill.  Most  of  the  mills  would  be  willing  to  do  their 
own  inspection  and  be  responsible  for  surface  defects. 

In  reference  to  the  disputed  points,  viz:  A. — The  range  of  ultimate 
strength:  I  wish  to  say  that  I  have  already  discussed  the  desirability  of 
specifying  a  single  grade  of  open-hearth  steel  for  all  structural  work  in 
my  letter  of  March  18,  1902,  to  the  Chairman  of  Committee  (see  pages 
242,  243  Proceedings  of  1902)  No.  15,  also  at  the  Atlantic  City  meeting  of 
the  International  Association  for  Testing  Materials. 

B. — As  to  whether  the  requirements  for  yield  point  and  elongation 
shall  be  fixed  limits  or  ratios  of  ultimate  strength :  I  am  in  favor  of  mak- 
ing the  yield  point  and  elongation  a  ratio  of  the  ultimate  strength,  and 
would  suggest  the  yield  point  to  be  made  at  least  one-half  of  the  ultimate 

.    .                            ...                        1,500,000 
strength,  and  the  percentage  of  elongation  =  ytu^ — "^ — cT :r 

^    '  f  b  a  Ultimate  Strength 

The  ultimate  strength  determines  only  the  grade  of  the  steel ;  the 
quality  is  determined  by  the  elongation,  the  bending  and  drifting  tests  and 
the  appearance  of  the  fracture.  It  is  of  the  greatest  importance  to  have 
steel  of  a  uniformly  good  quality.  Steel  of  a  lower  ultimate  strength, 
having  the  same  elongation  as  another  piece  of  a  higher  ultimate  strength, 
is  not  of  as  good  quality  as  the  latter.  This  fact  has  also  been  recognized 
by  the  specifications  adopted  by  the  Swiss  and  Austrian  governments. 

C. — As  to  prescribing  a  minimum  reduction  of  area :  I  am  in  favor  of 
omitting  the  same. 

THE  DESIRABILITY  OF  USING  A  SINGLE  GRADE  OF   STEEL 

FOR  BRIDGES.* 

At  the  meeting  of  the  American  Society  for  Testing  Materials,  held 

at  Atlantic  City,  N.  J.,  June  12-14,  the  question:     Is  it  Desirable  to  Spec- 

♦Reprint  from  Engineering  Nen-it,  .Tune  26.  1902,  and  Ilnilroad  Gazette,  June  20. 1902 
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ify  a  Single  Grade  of  Open  Hearth  Structural  Steel  for  Bridges  of 
Ordinary  Span?  was  discussed  by  Messrs.  A.  P.  Boiler,  Theodore  Cooper, 
J.  E.  Greiner,  C.  C.  Schneider,  J.  P.  Snow  and  T.  L.  Condron,  Mems.  Anu 
Soc.  C.  E.     The  remarks  of  these  gentlemen  are  given  in  abstract  below : 

BY  A.   p.   BOLLER. 

Consulting  Engineer,  i  Nassau  St.,  New  York  City. 

The  topic  under  discussion  can  be  answered  in  the  affirmative,  except- 
ing as  to  rivets  and  eyebar  material.  There  is  no  reason  why  plates  and 
shapes  should  not  be  a  single  grade  open  hearth  for  such  bridges,  but  eye- 
bar  material,  subject  as  it  is  to  the  subduing  eflfects  of  forging  and  an- 
nealing, should  be  of  a  higher  grade  of  material.  For  large  spans,  which 
are  rarely,  if  ever,  committed  to  the  care  of  other  than  expert  bridge  engi- 
neers, it  is  impracticable  to  set  up  any  standard  of  uniformity,  and  the 
character  and  adaptation  of  the  steel  must  be  entirely  in  the  hands  of  such 
engineers.  These  cases  involve  so  many  special  considerations,  that  no 
rule  can  be  laid  down,  and  any  engineer  qualified  to  design  and  admin- 
ister the  construction  of  such  works  is  sufficiently  well  informed  of  mill 
possibilities  as  not  to  require  impossible  or  impracticable  results. 

It  may  be  of  interest,  in  this  connection,  to  note  the  table  of  steel  re- 
quirements adopted  by  my  firm,  and  on  which  some  30,000  tons  of  bridge 
material  are  now  being  gotten  out  for  the  Wabash  entrance  into  Pitts- 
burg, for  all  types  of  construction ;  from  the  ordinary  girder  spans  to  the 
great  cantilever  constructions  over  the  Monongahela  and  Ohio  rivers, 
where  the  limits  of  pin-connected  work  are  believed  to  have  been  reached 


TABLE  I. 
Requirements  for  Bridge  Steel  (See  reference  in  discussion  by  A.  P.  Holler). 


Ultimate 

Strength  per 

sq.  in. 

Per  cent. 

Chemical  Composition  below. 

Minimum. 

Reduc- 
tion 
of 
area. 

Shape. 

P. 

S. 

Mini-     :Maxi- 
mum.     mum. 

Elastic 
ratio. 

Elongation 
in  8  ins. 

Acid. 

Basic 

Acid. 

Basic 

Rivet 

Angles 

Plates 

Evebars 

Cast  steel.... 

Pins 

52,000  63.OO0I      55 
60,000   70,000]      50 
6(1.000   70.000;      50 
63,000   73.000'      50 
65,000  75.000J      50 

e.'S.OOO   75,000       50 

28 
24 
24 
24 
20 
in  2  ins. 
22 

50 
40 
40 
40 
30 

33 

0.04 
.06 
.06 
.06 
.08 

.06 

0.03 

.04 

.    .04 

.03 

.04 

.04 

0.05 
.05 
.05 
.04 
.05 

.05 

0.05 
.05 
.05 
.04 

.05 

.05 

0.60 
.60 
.60 
,60 
.80 

.60 

This  table  shows  a  practical  uniformity  in  all  material,  other  than  in 
the  rivet,  eyebar  and  pin  requirements,  and  is  believed  to  be  as  reasonable 
a  demand  on  the  mills  as  the  present  state  of  the  art  permits,  and  yet  per- 
mits of  the  engineer  exercising  such  judgment  in  selecting  his  material  as 
the  nature  of  the  work  demands. 
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BY    THEODORE    COOPER. 

Consulting  Engineer,  35  Broadway,  New  York  City. 

The  evolution  of  the  use  of  steel  for  structural  purposes  in  this  coun- 
try may  be  said  to  have  started  about  1870,  when  Mr.  Wm.  Butcher 
convinced  Capt.  James  B.  Eads  that  he  could  furnish  him  steel  of  100,000 
lbs.  tensile  strength,  able  to  stand  without  permanent  set  60,000  lbs.  com- 
pression and  40,000  lbs.  tension.  The  metallurgical,  mechanical  and  finan- 
cial struggles  of  this  experiment,  while  full  of  interest  and  instruction, 
were  sufficient  to  discourage  for  some  years  further  efforts  in  this  line. 

The  next  step  of  which  the  writer  had  personal  experience  was  the 
"Hay"  steel  experiment  of  the  Glasgow  Bridge  in  1878.  This  bridge  was 
finally  built  of  acid  Bessemer  steel. 

About  1887  basic  soft  steel  could  be  obtained  on  more  favorable  terms 
than  iron  of  the  same  sections.  From  that  time  until  now  we  have  recog- 
nized two  standard  grades  of  structural  steel,  when,  as  was  then  true, 
they  were  really  two  different  metals,  viz. :  basic  soft  steel  and  acid 
Bessemer  medium  steel,  and  especially  during  the  gradual  disappearance 
of  the  metal  iron  and  recognition  of  the  new  metal,  the  two  grades  were 
proper  and  necessary.  Now  practically  these  two  grades  are  merely  over- 
lapping ranges  of  the  same  material.  Under  the  manufacturers'  specifi- 
cations steel  from  60,000  to  62,000  lbs,  is  both  "soft"  and  "medium"  and 
it  is  natural  that  where  the  orders  for  the  two  classses  are  equally  probable, 
the  objective  point  will  be  for  material  to  suit  either  order. 

Believing  that  both  the  interests  of  the  steel  manufacturers  and  of  the 
steel  users  will  be  advanced  by  the  adoption  of  one  common  standard,  I 
think  the  time  has  come  to  advocate  the  same.  But  do  not  understand  me 
to  mean  that  we  have  yet  got  a  material  with  which  either  the  maker  or 
user  should  or  can  be  satisfied.  But  we  can  perhaps  determine  a  com- 
mon objective  point  or  average  material  for  a  standard,  and  the  struggle 
of  the  immediate  future,  instead  of  being  devoted  to  getting  miscellaneous 
varieties  of  steel  to  suit  individual  tastes  or  vagaries,  should  be  to  im- 
prove and  perfect  that  one  standard.  With  one  average  material  in  view 
the  steel  manufacturer  should  be  able  to  systemize  his  output  to  give  far 
greater  uniformity  than  he  has  heretofore.  The  users  of  steel  under  the 
one  standard  material  should  demand  an  important  reduction  in  the  limits 
of  variation  from  the  standard  average.  Under  the  present  limits  de- 
manded by  the  manufacturers  of  steel,  there  is  a  difference  of  10,000  lbs. 
between  the  minimum,  which  determines  the  strength  of  our  ships,  bridges 
and  other  structures  and  the  maximum,  which  measures  the  workability 
of  the  material. 

In  spite  of  the  manufacturers'  limit  of  10,000  lbs.  there  has  been  no 
difficulty  for  years  in  getting  this  limit  reduced  to  8,000  lbs.  Is  it 
chimerical  then  to  believe  that  with  one  class  of  material  in  view  we  can 
get  this  reduced  to  6,000  lbs.?  If  this  result  can  be  had,  as  I  believe,  why 
should  we  bend,  form,  work  and  punch  steel  of  70,000  lbs.  to  get  a  ship 
or  bridge  rated  at  60,000  lbs.     The  difference  in  workability  of  4,000  lbs. 
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is  worth  money  and  the  manufacturer  who  can  give  the  most  uniform 
material  should  be  favored  even  at  an  advanced  price. 

In  advocating  one  standard  structural  material,  I  have  in  view  all 
structures  and  not  simply  bridges.  There  is  no  just  reason  why  the 
material  for  ships,  bridges  or  buildings  should  be  different,  and  there  will 
be  no  gain  in  the  character  of  our  material,  unless  we  can  harmonize  the 
requirements  to  suit  all. 

What  is  the  average  material  which  would  meet  the  views  and  needs 
of  shipbuilders,  manufacturers  of  structural  work,  steel  makers  and  engi- 
neers, under  the  expectation  of  the  future  material  being  more  uniform 
than  we  are  now  offered?  I  suppose  it  will  lie  somewhere  between  60,000 
and  66,000  lbs.,  many  perhaps  considering  one  too  low  and  the  other  too 
high. 

Personally,  I  should  consider  under  the  above  claims  an  average  of 
65,000  lbs.  steel  or  steel  varying  between  the  limits  of  62,000  and  68,000  lbs. 
as  the  ideal  material  we  should  expect.  The  ductility  and  other  qualities 
being  at  least  equal  to  those  now  required  of  medium  steel. 

BY    J.    E.    GREINER. 

Bridge  Engineer,  Baltimore  &  Ohio  R.  R.,  Baltimore,  Md. 

There  were  a  number  of  conservative  engineers  who  made  a  strong. 
fight  for  the  retention  of  wrought  iron  for  structural  purposes,  and  who 
kept  up  their  struggle  so  long  as  iron  could  be  obtained.  Some  of  these 
engineers  had  a  very  unsatisfactory  experience  with  steel  structures  and 
naturally  preferred  to  adhere  to  a  metal  whose  quality  had  been  determined 
by  long  and  continued  use.  A  number  of  these  engineers  were  of  such 
standing  as  to  give  weight  to  their  opinions.  As  a  consequence  the  total 
replacing  of  rolled  iron  by  rolled  steel  was  a  gradual  process,  although  it 
lasted  but  a  couple  of  years. 

When  it  became  very  difficult  to  obtain  a  good  wrought  iron,  this 
conservative  element  permitted  the  use  of  steel  for  certain  parts  of  bridges, 
such  as  web  plates  in  girders  and  eyebars  in  trusses,  and  finally,  even  when 
wrought  iron  was  no  longer  obtainable,  it  was  still  called  for  in  specifica- 
tions. The  contractor  in  such  cases  was  given  the  privilege  of  substituting 
a  very  soft  steel,  section  for  section. 

In  the  meantime  those  who  had  entered  the  field  of  steel  had  made 
a  sufficient  number  of  tests  to  satisfy  them  that  open-hearth  steel  varying 
from  52,000  to  65,000  lbs.  could  stand  more  abuse  than  the  best  double 
rolled  iron.  It  could  be  punched  and  sheared  when  thickness  did  not  ex- 
ceed %-in.  with  no  greater  injury.  When  the  ultimate  strength  ran  over 
about  68,000  lbs.,  punching  and  shearing  had  a  tendency  to  injure  the  metal, 
but  it  was  found  that  this  damage  could  be  removed  by  reaming  and 
planing. 

These  conditions  then  naturally  suggested  two  grades  of  steel,  namely, 
a  soft  steel  to  be  worked  the  same  as  wrought  iron,  and  a  medium  steel  in 

11 
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which  all  holes  are  to  be  reamed  or  drilled  and  .all  sheared  edges  planed 
oflf. 

It  has  been  the  general  practice  for  the  past  six  or  eight  years  for 
bridge  engineers  to  specify  these  two  grades,  the  soft  being  used  as  a 
substitute  for  wrought  iron  and  the  medium  for  eyebars  or  members 
which  were  to  have  holes  reamed  or  drilled  and  edges  planed,  and  to  be 
used  in  structures  of  such  magnitude  that  the  saving  in  weight  justified 
the  more  expensive  shop  work. 

Engineers  should  keep  pace  with  the  times.  The  so-called  soft  steels 
served  their  time  after  they  had  quieted  the  nerves  of  the  conservatives. 
That  time  has  passsed,  and  at  present  there  is  no  material  difference  in 
the  working  qualities  of  the  soft  and  medium  steels  as  usually  furnished 
and  accepted.     Either  grade  can  be  rolled  from  the  same  billet. 

Some  engineers  have  recently  advocated  the  adoption  of  a  soft  steel 
limit  between  52,000  and  58,000  lbs.,  and  a  medium  grade  between  62,000 
and  68,000  lbs.  It  was  desired  to  have  a  more  decided  distinction  between 
the  two,  as  well  as  to  destroy  the  manufacturers'  opportunity  of  supplying 
either  from  the  same  billet. 

Such  a  classification  is  even  more  absurd  than  the  present  common 
practice.  It  would  bar  out  what  is  really  the  best  range  for  structural 
steel. 

All  things  considered,  an  open-hearth  steel  ranging  from  55,000  to 
65,000  lbs.  is  about  as  satisfactory  as  can  be  obtained  for  structural  pur- 
poses. It  will  meet  all  of  the  requirements  for  soft  steel  and  will  be  about 
as  strong  as  is  usually  accepted  for  medium.  Such  a  steel  can  be  worked 
under  the  same  conditions  as  wrought  iron,  will  be  just  as  safe  and  unit 
stresses  may  be  taken  20  per  cent,  greater.  This  has  been  the  writer's 
practice  for  the  past  two  years  and  is  embodied  in  the  B.  &  O.  Railroad 
specifications  for  1901. 

A  single  grade  as  above  outlined  will  sooner  or  later  become  standard. 
If  not  recommended  by  some  technical  association  of  high  standing,  it  is 
quite  possible  that  the  manufacturers  will  realize  the  advantages  of  such 
a  single  grade.tnot  only  to  themselves,  but  to  the  users  as  well,  and  then 
we  will  be  offered  the  choice  of  either  accepting  the  standard  product  of 
their  mills  or  paying  a  fancy  price  to  gratify  our  own  desires.  The 
adoption  of  a  single  grade  of  open-hearth  steel  for  structural  purposes 
would  not  bar  out  the  production  of  a  special  grade  for  use  in  very  large 
structures  where  the  dead  load  is  a  controlling  factor  in  the  design.  The 
material  for  such  structures,  however,  should  be  rolled  in  accordance  with 
special  specifications  and  not  with  general  or  standard  ones.  Neither 
would  the  adoption  of  a  single  grade  of  structural  steel  affect  the  present 
soft  steel  output  for  rivets.  We  are  not  yet  ready  to  use  anything  but  a 
very  soft  steel  for  rivets,  especially  when  driven  by  hand.  When  all 
riveting  is  done  by  power,  there  can  be  no  objection  to  using  the  single 
grade  steel  as  above  outlined,  even  for  rivets. 
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BY  C.   C.   SCHNEIDER. 

Vice-President,  American  Bridge  Co.,   New  York  City. 

The  writer  desires  to  depart  from  the  strict  wording  of  the  question 
and  discuss  the  desirability  of  using  one  grade  of  steel  for  all  ordinary 
structures,  including  material  for  shipbuilding.  If  there  is  any  advantage 
to  the  manufacturer  in  using  a  single  grade  of  steel  for  railroad  bridges, 
the  advantage  would  be  so  much  greater  if  the  manufacturer  of  structural 
material  couW  confine  himself  to  that  one  grade  entirely,  excepting  when 
special  steel  is  required  for  structures  of  unusual  magnitude,  which  occurs 
only  once  in  several  years.  This  question :  "Is  it  desirable  to  specify  one 
grade  of  steel  for  all  structural  work?"  may  be  answered  by  asking  an- 
other question,  viz. :     "Why  do  we  use  two  grades  of  steel  ?" 

TABLE  II. 
Showing  Tensile  Strength  and  Elongation  of  Steel  Used  on  Notable  Bridges. 


Year 

of 
com- 
pletion 


1874 
1880 

1882 

1882 
1883 

1884 
1885 

1885 

1886 
1887 


1888 
1888 
1888 


1890 

1890 

1890 
1891 

1892 

1893 
1895 

1897 
1898 


Mississippi.... 
Missouri 

Missouri 

East  River 

N  iagara 

Susquehanna. 
Arkansas 

Ohio 

Harlem 

Missouri 

Missouri 

Mississijipi 

Ohio 

Firth  of  Forth 

Colorado 

Mississippi  . . . 
Ohio 

Mississippi.... 

Mississippi.. .. 
Delaware 

Niagara 

Niagara 


Description. 


Arches,  St.  Louis.. 

Plattsmouth  Bridge 

Bismarck UJom^ression 

(  Tension 


wire 


Brooklyn  Bridge,  excludini 

Cantilever 

\  Compression 

(  Tension 

)  Compression 
'/  Tension 


Bait.  AOhio  R.  R... 

Van  Buren  Bridge 

Kv.  .t  Ind.  Cantilever  *  Compression 
(  tension 


Washington  Arch,  New  York 
Sibley  Bridge.  Atch..  j  ('om)tression 

Top.  iV  S.  Fe )  Tension 

Omaha  *  Compression 

"™*°'^ (  Tension 

Cairo  Bridge 

C.  &  O.  Ry.,    Cincin-  \  Compression 
nati  and  Covington 'i  Tension 


Cantilever,  Scotland..  *  Jr-21??^**'"" 
(  lension 


Red  Rock,  Cantilever.  -)  ^ens'^on''^'"" 


Merchants"  Bridge.  St.  Louis. 
Cantilever,  Ry.,  Cincinnati 

Memphis  Cantilever..  ^  ^J^'"'™'''''''' 
^  I  The  rest 

Bellefontaine 

Penn.  R.  K.,  Philadel-  t  >Iain  trusses 

phia ■(  The  rest 

Double-deck  bridge 

Highway  Arch 


Ultimate  strength 

In  lbs. 

per  sq.  in. 


100,000  min. 

80,000  " 
80,000  to  90.000 
70.000  to  80,000 

70,000  min. 

80,000 

80,000 

70.000 

80.000 

70,000 

80.000 

70,000 
02,000  to  70,000 
75,000  to  85,000 
60,000  to  70,000 

80,000  min. 

70,000  '• 
67,000  to  75.000 
64,000  to  72.000 
58,000  to  66,500 
76,000  to  83,000 
67.000  to  74.000 
64,000  to  72.000 
58,500  to  66,500 
67,000  to  75.000 
62,000  to  70.000 
69,0tK)  to  7f-,o00 
64,000  to  72.500 
62,01(0  to  70.000 
62,000  to  70.000 
50,OiiO  to  60,000 
60,000  to  68,000 
60,000  to  68.000 


Min. 

elonga- 
tion, 

per  ct. 


18 
12 
12 
18 

15 

15 

18 

15 

18 

15 

18 

18 

18 

23 

15 

18 

20 
19—17 
20—16 

17 

20 
19—17 
20—18 

2i> 

5  2 

18 

22 

22 

22 

26 

20 

20 


The  reason  for  this  becomes  apjjarent  if  we  follow  the  history  of 
bridge  building  in  the  country  from  the  time  when  steel  was  first  used  as 
a  structural  material.  In  the  earlier  days  steel  was  used  only  in  structures 
of  what  was  then  considered  unusual  magnitude  and  only  in  certain  mem- 
bers  for  the   purpose   of   reducing   the    dead   load    and   the    sizes    of   the 
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heaviest  pieces,  as  at  that  time  even  the  largest  bridge  shops  were  not 
fitted  up  for  handling  heavy  work.  To  accomplish  this,  and  also  for 
reasons  of  economy,  as  steel  was  much  more  expensive  than  wrought  iron 
and  could  be  produced  with  a  high  ultimate  strength  and  high  elastic  limit 
was  specified  and  the  working  strains  increased  in  proportion. 

As  engineers  gained  more  knowledge  of  the  properties  of  steel,  it  was 
recognized  that  this  very  high  steel  was  not  a  safe  material  for  railroad 
bridges,  as  it  was  not  well  adapted  to  resist  impact.  Engineers  then  com- 
menced to  specify  more  ductility  and  lower  ultimate  strength,  and  con- 
tinued to  lower  their  requirements  for  ultimate  strength  as  the  price  of 
steel  decreased,  until  the  usual  practice  had  come  down  from  over  100,000 
lbs.  to  about  62,000  to  70,000  lbs.,  or  what  is  now  classed  as  medium  steel. 
Table  II.  gives  the  ultimate  strengths  specified  for  some  of  the  more  im- 
portant bridges  made  of  steel. 

The  extensive  use  of  steel  as  a  structural  material  did  not  commence 
until  the  year  1890.  Before  that  time  steel  was  used  only  in  isolated  cases 
or  for  heavier  work,  such  as  chords  and  eyebars  for  larger  bridges.  About 
1890  some  railroads  commenced  to  build  even  smaller  spans  and  plate 
girders  of  steel,  and  for  eyebars  steel  was  almost  exclusively  used.  At 
about  that  time  most  of  the  structural  mills  that  had  formerly  manu- 
factured wrought  iron  had  equipped  themselves  with  steel  furnaces,  but 
continued  for  some  time  to  make  both  kinds  of  material,  until  they  found 
it  more  profitable  to  confine  themselves  to  the  manufacture  of  structural 
steel  only  and  discontinued  the  manufacture  of  wrought  iron.  In  1894 
it  was  practically  impossible  to  obtain  wrought-iron  shapes,  and  those 
engineers  who  would  have  preferred  wrought  iron  were  obliged  to  use  steel 
instead,  and  naturally  specified  a  grade  of  steel  as  near  wrought  iron  as 
possible,  using  also  the  same  unit  strains  and  workmanship  as  for  wrought 
iron. 

This  accounts  for  the  two  grades  of  steel  being  at  present  in  use — 
medium  steel  by  the  advocates  of  steel,  soft  steel  by  the  advocates  of 
wrought  iron.  As  steel  has  now  been  extensively  used  for  structural  work 
for  a  long  time,  medium  steel  for  at  least  20  years  and  soft  steel  for  at 
least  10  years,  we  certainly  have  passed  the  experimental  stage  and  should 
be  in  a  position  to  decide  for  one  grade  of  steel  for  ordinary  structural 
work.  This  will  be  of  advantage  to  the  producer  and  consumer.  The 
manufacturer  of  steel  will  be  able  to  conduct  his  business  in  a  more 
systematic  and  rational  manner  than  he  can  do  at  the  present  time.  If  he 
uses  the  same  quality  of  stock  he  will  be  able  to  use  the  same  mixture  and 
obtain  uniform  results  satisfactory  to  the  specifications.  The  manufac- 
turer of  bridges  and  structural  work  will  be  able  to  keep  the  usual  sizes 
of  shapes  and  plates  in  stock,  more  particularly  those  of  which  there  are 
only  a  few  sizes  rolled  and  which  are  very  hard  to  obtain  on  short  notice 
because  the  quantities  used  for  each  structure  are  small,  such  as  fillers, 
stiffening  angles,  tie  plates,  lattice  bars,  connection  angles,  etc.  This 
would   therefore    facilitate    deliveries.     The    consumer    will   naturally   also 
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be  benefited  by  the  greater  uniformity  of  the  material  which  will  result 
from  only  one  grade  of  steel  being  manufactured. 

There  is  still  another  reason  why  this  association  should  take  a  de- 
cided stand  in  favor  of  one  grade  of  steel,  and  that  is,  that  all  other  coun- 
tries which  have  adopted  standard  specifications  use  only  one  grade  of 
steel  for  structural  work,  and  as  the  object  of  this  association  is  to  estab- 
lish a  uniform  practice  all  over  the  world,  we  cannot  expect  other  coun- 
tries to  adopt  our  practice  unless  we  have  something  practical  and  reason- 
able to  offer  which  appeals  alike  to  the  manufacturer  as  well  as  the  engi- 
neer. Crank  specifications  will  certainly  meet  the  opposition  of  the  manu- 
facturers abroad.  Now  admitting  that  it  is  desirable  to  use  one  grade 
of  steel  only,  the  question  arises,  What  is  the  proper  grade  of  steel  for 
structural  work?  In  deciding  this  question,  we  should  consider  the 
process  of  manufacture  in  its  present  state  and  the  probabilities  of  the 
future.  At  present  most  of  the  structural  steel  is  made  by  the  basic  pro- 
cess and  appearances  indicate  that  the  basic  process  will  also  be  the  pro- 
cess of  the  future  for  ordinary  structural  steel.  It  would,  therefore,  seem 
expedient  to  adopt  a  grade  best  suited  to  the  basic  process.  For  special 
higher  grades  of  steel,  the  acid  process  will  probably  hold  its  own. 

TABLE  III. 

Showing  Grades  of  Steel  Used  for  Bridges  and  Buildings  in  some  of  the  Countries  which 
have  Adopted  Standard  Specifications. 


French  Ministry  of  Public  I 
Works.  August,  1891.. 

Austrian  Ministry  of  Com- 
merce, 1892 

r 

Standard  Specifications  of  ; 
German  Societies,  1893  1 


Federal  Council  of 
Switzerland,  1892 


Plates  and  bars  at  least 

Rivets  at  least 

Plates  and  bars,  lengthwise 

Transverse 

Rivets 

Bars  and  plates  (of  J4  to  1>^  ins. 

thickness),  lengthwise 

Transverse 

Rivets  and  screws 

Bars  and  short  plates 

Long  plates,  lengthwise 

Long  plates,  transverse 

Rivets  and  screws 


60,000 

54.000 
50,000  to  64.000 
50,000  to  64,000 
50,000  to  57.000 

53,000  to  63.000 
51.000  to  64.00O 
51,000  to  60.000 
.11,000  to  64.000 
51,000  to  64.000 
51.000  to  64.000 
51,000  to  60.000 


22 

28 
28—22 
26—20 
32—26 

20 

17 

22 
25—20 
25—20 
22—18 
28—24 


The  most  satisfactory  material  which  can  be  produced  by  the  basic 
process  averages  about  58,000  to  60,000  lbs. ;  the  writer  would  therefore 
recommend  an  ultimate  strength  of  60,000  lbs.  per  square  inch,  varying 
S,ooo  lbs.  either  way.  This  grade  of  steel,  in  the  writer's  opinion,  may  be 
used  without  planing  or  reaming  up  to  a  thickness  of  about  %  in.  without 
impairing  its  strength.  Table  III.  appended  hereto  gives  the  grades  of  steel 
used  for  bridges  and  structural  work  in  some  of  the  countries  which  have 
adopted  standard  specifications.  After  having  agreed  on  the  proper  grade 
of  structural  steel,  the  next  question  to  decide  is  the  quality.  The  quality 
is  determined  'by  the  elongation,  the  bending  test  and  the  appearance  of 
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the  fracture.  As  far  as  the  elongation  is  concerned,  we  notice  in  the 
specifications  adopted  by  the  Federal  Council  of  Switzerland,  and  by  the 
Austrian  Government,  that  the  specified  elongation  varies  with  the  ultimate 
strength.  The  Swiss  specifications  limit  the  product  of  the  ultimate 
strength  multiplied  by  the  percentage  of  elongation  in  8  ins.  to  not  less 
than  1,280,000,  and  call  this  the  coefficient  of  quality.  The  writer  prepared 
Specifications  for  Railroad  Bridges  in  1886,  which  were  -published  in  1887 
as  the  specifications  of  the  Pencoyd  Iron  Works,  wherein  the  quality  of 
steel  was  specified  as  follows : 

Steel  having  an  ultimate  strength  of  55,000  to  80,000  lbs.  per  square 
inch,  when  tested  in  samples  of  at  least  V2  sq.  in.  section  cut  from  the 
finished  products,  will  be  accepted  for  the  different  parts  of  structures, 
provided  it  shows  the  following  qualities : 

The  elastic  limit  shall  be  at  least  0.6  of  the  ultimate  strength. 

The  product  of  the  ultimate  strength  per  square  inch  in  pounds  multi- 
plied by  the  percentage  of  elongation  in  8  in.  shall  be  at  least  1,500,000. 

This  value  was  found  by  examining  a  great  number  of  tests,  of  which 
only  those  were  selected  which  proved,  by  the  elastic  limit,  the  elongation, 
the  bending  test  and  the  fracture,  the  good  quality  of  the  steel.  A  similar 
coefficient  was  also  incorporated  in  the  Bridge  Builders'  Specifications, 
published  about  the  same  time. 

As  this  appears  to  be  a  consistent  and  reasonable  method  to  establish 
the  quality  of  the  material  by  varying  the  elongation  with  ultimate  strength, 
the  writer  begs  leave  to  submit  this  question  to  this  association  for  con- 
sideration and  discussion,  and  also  the  question  whether  the  measuring  of 
the  elastic  limit  or  yield  point  is  of  any  practical  value  in  establishing  the 
quality  of  the  steel. 

BY  J.   p.    SNOW. 
Bridge  Engineer,  Boston  &  Maine  R.  R.,  Boston,  Mass. 

I  favor  a  single  grade  of  steel  for  structural  purposes  for  these 
reasons:  (i)  Because  there  is  really  no  defensible  argument  why  all 
ordinary  bridges  should  not  be  made  of  the  same  class  of  metal.  These 
bridges  are  essentially  alike  in  the  service  to  which  they  are  subjected  and 
what  is  best  for  one  is  best  for  all.  (2)  If  one  grade  is  used  by  all  build- 
ers the  melters  and  other  workmen  at  the  mills  will  become  expert  in  the 
manufacture  of  this  grade  and  the  product  will  be  more  uniform  and  all 
the  melts  will  hit  the  average  of  the  range  much  more  closely  than  is  now 
the  case  when  the  workmen  are  called  upon  to  produce  material  all  the 
way  from  extra  soft  to  quite  hard.  (3)  If  a  uniform  grade  is  specified 
by  all  buyers  of  bridges  the  shops  will  not  experience  the  trouble  that 
they  now  do  from  the  impossibility  of  using  stock  bought  for  other  bridges 
to  fill  up  gaps  in  a  job  on  which  they  are  at  work. 

I  would  not,  however,  agree  to  a  single  grade  unless  it  covers  soft  steel. 
I  prefer  a  steel  averaging  57,000  lbs.  ultimate  strength  per  square  inch 
with  a  range  of  4,000  lbs.  each  way,  but  will  join  in  approving  an  average 
of  not  exceeding  60,000  lbs.  with  a  range  not  exceeding  5,000  lbs.  each  way. 
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I  am  aware  that  many  prefer  what  is  called  medium  steel,  ranging 
up  to  70,000  lbs.  ultimate.  My  objection  to  this  is:  (i)  That  although 
the  punched  holes  are  reamed  and  the  sheared  edges  planed,  the  whole  of 
the  danger  from  rough  treatment  may  not  be  removed.  The  damage  done 
to  steelby  the  punch  and  shear  lies  in  compressing  it  locally  far  beyond 
its  limit  of  recovery,  thereby  rendering  it  unfit  to  resist  tension.  We 
demonstrate  this  when  we  bend  a  wire  back  and  forth  until  it  becomes  so 
brittle  that  it  breaks  short  off.  The  gag  of  the  straightening  press,  cold 
rolling  and  severe  local  hammering  produce  practically  the  same  effect  as 
the  punch  and  shear,  but  reaming  and  planing  do  not  remove  these  latter 
injuries. 

Secondly,  reamed  medium  steel  with  higher  units  and  correspondingly 
lighter  sections  does  not  make  so  rigid  a  bridge  as  soft  steel  with  low 
units  and  heavier  sections,  although  its  ultimate  strength  may  be  as  great 
or  even  greater.  The  true  value  of  a  bridge  consists  in  its  stiffness  and 
rigidity  coupled  with  strains  below  the  elastic  limit.  If  light  and  subject 
to  much  motion  under  service  a  bridge  is  condemned  if  the  unit  strains 
reach  a  certain  maximum  without  considering  whether  the  steel  is  soft  or 
medium  or  whether  the  holes  are  punched,  reamed  or  drilled.  These, 
among  other  reasons,  lead  me  to  prefer  soft  steel,  which  is  not  seriously 
injured  by  reasonable  treatment  if  the  metal  is  not  too  thick. 

BY   T.    L.    CONDRON. 

Consulting  Engineer,  Chicago,  111. 

At  the  third  annual  convention  of  the  American  Railway  Engineering 
and  Maintenance-of-Way  Association  the  subject  of  specifications  for  rolled 
steel  was  presented  in  the  form  of  a  report  of  the  Committee  on  Iron  and 
Steel  Structures.  That  committee  gathered  statistics  upon  the  subject  of 
specifications  in  use.  The  replies  received  from  40  correspondents  showed 
the  following  opinions  or  preferences : 

In  favor  of  two  grades  of  steel,  "soft  and  medium :"  14  railroads,  7 
manufacturers  of  steel,  9  consulting  engineers  and  7  scientific  schools. 

In  favor  of  one  grade  of  steel :  Three  railroad  engineers — one,  5S,ooo 
to  65,000  lbs.  steel ;  one,  57,000  to  66,000  lbs.  steel,  and  one,  58,000  to  68,000 
lbs.  steel. 

Notwithstanding  the  apparent  general  opinion  in  favor  of  tw^o  grades 
of  steel,  it  was  known  to  the  committee  that  a  large  number  of  engineers 
limited  themselves  to  one  grade  of  steel  in  their  bridge  specifications.  It 
was  therefore  proposed  to  the  general  committee  by  the  subcommittee 
having  the  matter  directly  in  hand  that  a  recommendation  be  made  by  the 
entire  committee  of  one  grade  of  steel  for  bridge  building,  to  be  known  as 
"structural  steel,"  having  a  range  of  ultimate  tensile  strength  of  5S,ooo  to 
65,000  lbs.  per  sq.  in.  This  proposition  was  not  favorably  received  by  all 
of  the  committee,  and  the  objections  to  such  a  recommendation  were  briefly 
these,  as  stated  in  the  convention : 

"The  users  of  medium  steel  do  not  see  why  they  should  rule  out  what 


lOS  PROCEEDINGS    OF    THE 

they  believe  to  be  a  very  excellent  grade  of  steel  between  65,000  and  70,000 
lbs.,  if  it  is  to  be  reamed,  and  place  the  upper  limit  at  65,000  lbs.  It  has 
been  stated  that  the  same  class  of  service  is  required  of  practically  all  our. 
bridges  that  are  built,  which  is  true ;  but  the  structures  are  built  in  two 
radically  different  ways  by  different  railroad  companies.  A  large  per- 
centage of  the  railroads  entering  Chicago  and  our  Western  roads  are  hav- 
ing their  bridge  material  reamed ;  the  reamed  tonnage*  is  constantly  in- 
creasing and  is  a  considerable  proportion  of  the  tonnage  for  our  Western 
roads.  On  the  other  hand,  some  roads  have  not  come  to  this  reaming  so 
generally.  Of  the  two  classes  of  structures,  one  is  the  class  where  the 
material  is  punched  and  not  reamed,  and  the  other  the  class  where  the 
material  is  punched  and  reamed,  and  the  advocates  of  the  two  classes  of 
steel  are  those  who  believe  in  reaming  and  believe  they  can  use  a  higher 
unit  of  strength  where  the  material  is  reamed.  They  do  not  see  why  they 
should  limit  their  working  stresses  to  such  a  low  point  as  is  only  permis- 
sible for  work  that  is  simplj'  punched.  That  is  the  gist  of  the  whole  argu- 
ment and  the  reason  why  some  of  this  committee  have  declined  to  agree  on 
a  55,000  to  65,000  lbs.  steel." 

On  June  10  this  subject  was  again  discussed  at  a  meeting  in  Chicago 
by  the  following  bridge  engineers:  Mr.  Parkhurst  (111.  Central).  Mr. 
Loweth  (C,  M.  &  St.  P.),  Mr.  Finley  (C.  &  N.  W.),  Mr.  Dawley  (C.  & 
E.  I.),  Mr.  Cartlidge  (C,  B.  &  Q.),  Mr.  Ziesing  (Am.  Bridge  Co.),  Mr. 
Allen  (Wis.  Bridge  Co.),  and  Messrs.  Modjeski,  Schaub,  Strobel  and  the 
writer,  consulting  engineers.  The  general  opinion  expressed  was  that  one 
grrade  of  steel  would  be  more  desirable  for  structural  purposes  than  two, 
both  for  the  manufacturer  and  user,  but  that  55,000  lbs.  is  unnecessarily  low 
for  the  lower  limit.  While  all  of  these  engineers  are  in  favor  of  reaming 
of  main  sections,  they  realize  that  some  roads  are  not  doing  so  at  this  time 
and  will  therefore  wish  to  use  softer  steel  than  would  satisfy  those  who 
ream.  On  the  other  hand,  the  steel  used  for  buildings  is  nearly  always 
the  so-called  medium  steel,  60,000  to  70,000  lbs.,  which  is  not  reamed.  It 
is  therefore  likely  that  objection  would  be  raised  to  reducing  the  strength 
of  building  steel  below  the  present  60.000  lbs.  mininumi.  If  the  engineer 
could  be  satisfied  that  the  tests  reported  to  him  fully,  as  well  as  fairly, 
represented  the  physical  properties  of  the  steel  he  is  using,  he  would 
have  no  objection  to  an  extreme  range  of  10,000  lbs.  in  ultimate  tensile 
strength ;  but  he  realizes  this  is  not  the  case,  and  with  only  the  few  tests 
(frequently  but  one  for  a  heat  of  30  to  40  tons),  he  must  allow  for  a  varia- 
tion of  four  or  five  thousand  pounds  below  or  above  the  result  of  the 
tests  reported.  For  this  reason  he  thinks  he  should  restrict  the  range  of 
tensile  strength  to  8,000  lbs.,  instead  of  10,000  lbs.  In  the  Chicago  meeting 
above  referred  to  the  general  opinion  was  that  a  single  grade  of  steel 
having  a  range  of  tensile  strength,  as  shown  by  the  ordinary  tests,  from 
58,000  to  66,000,  or  57,000  to  65,000  lbs.  as  a  second  choice,  would  come 
the  nearest  to  suiting  all  interests,  so-  far  as  railroad  work  is  concerned. 

Regarding  ranges  of  physical  properties  in  any  one  melt  of  steel  and 
the  likelihood  that  steel  varying  4,000,  6,000   or  even  8,000  lbs.  above  or 
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below  what  any  one  test  shows,  attention  is  called  to  the  results  shown 
below  in  Tables  IV.,  V.  and  VI. 

TABLE  IV. 


No.Of 

Tensile 

Yield 

Elong. 

Max. 

Gauge. 

Heat. 

tests. 

strength. 

Max.  dif. 

point. 

Max.  dif. 

8  in.,  % 

dif.  % 

Max. 

54.900 

31,600 

32.0 

/'8  in. 

K 

5 

Min. 
Max. 

51.400 
57..'3O0 

3.500 

29,900 
34.900 

1,700 

26.0. 
29.0 

6* 

L 

6 

Min. 
Max. 

50.  TOO 
5H.300 

6.800* 

29.300 
33.700 

5,600* 

26.0 
30.0 

3. 

yi 

5 

Min. 
Max. 

5.=).  900 
60.200 

2.400 

31,600 
35,100 

2.100 

27.0 
29.0 

.  3. 

N 

4 

Jlin. 
Max. 

55.600 
59.400 

4,600 

30,800 
33,400 

4,300 

26.0 
31.0 

3. 

%in. 

A 

7 

Min. 
Max. 

55.81)0 
58.200 

3,600 

30,200 
34,100 

3,200* 

27.0 
30.0 

4.* 

B 

11 

Min. 
Max. 

51.700 
56.200 

6,500* 

31,400 
33,000 

2,700 

27.0 
33.0 

3 

7-16  in. 

C 

4 

Min. 
Max. 

53.400 
59,000 

2,800 

31,300 
33,500 

1,900 

31.0 
32.0 

•2_ 

B 

13 

Min. 
Max. 

52,200 

60,200 

6,800* 

29,700 
35,900 

3,800* 

27.0 

Elong.  in 
"40.0 

5.* 

5  in. 

5-16  in. 

D 

12 

Min. 
Max. 

51,900 
61.300 

8,300* 

29,900 
35,300 

6.000* 

29.0 
38.0 

11.* 

C 

Min. 
Max. 

57,700 
58,400 

3,600 

31,800 
33,300 

3.500 

30.0 

Elong.  in 
38.0 

8. 
4  in. 

Min. 

E 

4 

Min. 
Max. 

52.800 

60,800 

5.600 

29,300 
41,800 

4.000 

35.0 
43.  (t 

.'5, 

F 

37 

Min. 
Max. 

52.000 
60.700 

8,800* 

29.200 
39,000 

12.600* 

33.0 
43.0 

10. 

G 

32 

Min. 
Max. 

52.100 
61.200 

8.600 

29.000 
41,900 

10,000 

35.0 
37.0 

8. 

H 

8 

Min. 
Max. 

5:^.400 
76.000 

7,800 

.•a.  000 
36.900 

10,900 

25.0 
38.0 

12.* 

.T 

8 

Min. 

63.700 

12,300** 

33.300 

3,600** 

33.0 

5.** 

*Maxiixium  for  each  gauge. 
**Maximum  for  3^  in.  gauge  testing  above  62,000  pounds 


TABLE  V. 
(Variations  found  in  the  same  heat  and  gauge.) 


Thickness. 

Heat. 

Tensile  strength. 

Heat. 

Elastic  limit. 

XT     ,    lElongatioa 
Heat.  1  Percent. 

s/g  in  .          

L                 6,800  lbs. 
B       1           6.500  lbs. 
B                   6.800  lbs. 
U       i            8.300  lbs. 
F                      «  800  lbs. 

L 
A 
H 
J) 

V 
.1 

5.600  lbs. 
3.200  lbs. 
3.800  lbs. 
6,000  lbs. 
12.6(10  lbs. 
3,000  lbs. 

K       1          6  0 

i^  in        

A                 4.0 

7-16  in 

5-16  in 

*i^  in 

B                 50 

I)     ;       1.1 

H              1">  0 

**M  in 

J 

12,300  lbs. 

J                 5.0 

*Tensile  strength  under  62.000  lbs 
**Tensile  strength  over  62.000  lbs. 


Table  IV.  shows  the  maximum  and  minimum  results  and  the  dififerences 
between  these  results  from  tests  of  plates  of  the  same  thickness  and  from 
the  same  heat.  These  tests  were  made  on  a  lot  of  200  tons  of  basic  open- 
hearth  plates,  rolled  from   13  different  heats  into  five  different  gages.     It 
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will  be  seen  from  Table  V.,  which  is  condensed  from  Table  IV.,  that  in  the 
case  of  the  ultimate  strength  the  variations  in  one  gage  and  one  heat  were 
from  2,500  to  8,800  lbs.,  or,  including  the  exceptionally  wild  heat,  "J," 
12,300  lbs.  per  sq.  in.  Similarly  the  yield  point  varied  1,700  to  12,600  lbs. 
per  sq.  in.  and  the  elongation  varied  from  3  to  12  per  cent. 

TABLE  VI. 
(Variations  found  in  tiie  same  heat  and  gauge.) ' 


No.of 

Tensile 

Yield 

Elong. 

Max. 

Gauge. 

Heat. 

tests. 

strengtli. 

Max.  dif. 

point. 

Max.  dif. 

8  in.,  % 
W.5 

dif.  % 

Max. 

58.500 

39.900 

19-32  in. 

0 

14 

Min. 
Max. 

54,900 
57.000 

3.600 

.•$7,400 
39.500 

2.500 

27.0 
29.5 

3.5 

17-32  in. 

0 

4 

Min. 
Max. 

54.000 
58,300 

3,000 

37.600 

42,000 

1,900 

28.0 
30.5 

1.5 

%in. 

0 

4 

Min. 
Max. 

54,400 

59,800 

3,900 

38,2110 
43.800 

3,800 

25.0 
28.0 

5.5 

y«in. 

P 

10 

Min. 
Max. 

36,700 
63.800 

3,100 

40.900 
42,700 

2,900 

23. 0 
30.0 

5.0 

15-32  in. 

P 

22 

Min. 
Max, 

55,900 
61.600 

7,900 

30,500 
42,100 

12,200 

24.0 
30.0 

6.0 

13-32  in. 

Q 

6 

Min. 
Max. 

55,800 
66,700 

5.800 

38,600 
44,-iOO 

3,500 

26.0 
27.5 

4.0 

?8in. 

R 

12 

Min. 
Max. 

58,200 
61,000 

8,500 

40.700 
41,300 

3,600 

22.5 
26.0 

5.0 

5-16in. 

S 

4 

Min. 

59,700 

1,300 

39.80C 

1,500 

25. <i 

1.0 

In  Table  VI.,  results  of  tests  from  another  lot  of  plates  are  shown.  In 
this  lot  the  variations  of  ultimate  strength  in  the  same  gauge  and  heat  were 
from  1,300  to  8,500  lbs.,  and  in  yield  point  1,500  to  12,200  lbs.,  and  in 
elongation  from  i  to  6  per  cent. 

These  are  not  exceptional  results,  but  are  what  is  constantly  observed, 
and  if  variations  of  6,000  and  8,000  lbs.  in  ultimate  strength  are  found  in 
the  same  gage  and  heat  it  must  be  conceded  that  as  great  or  greater  varia- 
tions are  to  be  found  in  dififerent  gages  of  the  same  heat.  Therefore,  if 
only  one  test  or  even  two  tests  per  heat  are  required  it  is  important  that 
such  tests  fall  within  narrow  limits.  If  more  tests  are  to  be  made  then  it 
would  be  rational  to  expand  the  limits  allowable  for  such  tests. 

In  conclusion,  the  writer  believes  that  the  time  has  come  for  recom- 
mending a  single  uniform  specification  for  structural  steel  for  ordinary 
uses  (not  including  rivets  or  pins),  and  since  our  American  manufacturers 
have  demonstrated  that  they  can  make  a  steel  of  an  average  tensile 
strength  of  about  62,000  lbs.,  he  would  favor  62,000  lbs.  as  a  basis,  making 
the  range  4,000  lbs.  above  or  below  62,000  lbs.  The  recommendation  of 
the  committee  of  the  Maintenance  of  Way  Association  has  been  for  a 
range  of  8,000  lbs.  in  which  tests  would  be  accepted,  allowing  the  making 
of  retests  where  the  first  tests  are  not  more  than  1,000  lbs.  outside  of  the 
8,000  lbs.  range.  In  the  writer's  opinion,  this  1,000  lbs.  should  be  made 
2,000  lbs.     The  writer  suggests  the  following  range : 

56,000  to  58,000  lbs.  tensile  strength. 2    retests    required 

58,000  to  66,000  lbs.  tensile  strength    tests    accepted 

66,000  to  68,000  lbs.  tensile  strength 2    retests    required 

Below  56,000  lbs.  or  above  68,000  lbs.  tensile  strength •  -rejected 
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Of  course,  the  other  properties  would  have  to  be  fixed  upon  in 
harmony  with  this  range,  and  rivet  and  pin  steel  are  not  included,  as  the 
former  should  be  peculiarly  soft  and  ductile,  ranging  between  50.000  and 
58,000  lbs.  tensile  strength,  and  the  latter  may  best  be  quite  hard,  like 
axle  steel,  ranging  between  75,000  and  85,000  lbs.  tensile  strength. 

STEEL  FOR  RAILWAY  BRIDGES  IN  FOREIGN  COUNTRIES. 

Being  Question  VI.  of  the  International  Railway  Congress.     Bulletin,  Vol.  15.  igoi,  p.  638. 
(Abstract  by  Prof.  C.  L.  Crandall,  Cornell  University,  Member  of  Committee.) 

The  first  part  of  the  question  refers  to  the  quality  of  metal  required 
for  railway  bridges  in  different  countries,  and  the  second  part  to  the 
methods  of  testing  bridges  in  use  and  the  value  of  the  tests  as  regards 
the  margin  of  safety. 

The  "Reporter"  is  Edler  von  Leber  of  Austria. 

The  discussion  was  at  first  upon  the  methods  of  calculation  which 
should  be  selected,  some  preferring  typical  loads,  others  graphic  methods 
and  direct  experiments.  Mr.  Sabouret,  of  the  Orleans  com.pany,  stated 
that  they  had  at  first  adopted  the  method  of  equivalent  loads,  prescribed 
by  the  French  circular  of  1891,  in  order  to  facilitate  and  shorten  calcula- 
tion, but  they  had  found  it  necessary  in  studying  the  best  means  of  pre- 
serving and  strengthening  existing  structures  to  examine  the  efifect  of 
the  actual  loads  imposed  under  normal  conditions. 

The  use  of  apparatus  for  measuring  actual  stresses  had  resulted  in 
some  cases  in  not  strengthening  parts  which  required  strengthening 
theoretically. 

The  discussion  then  turned  upon  the  strength  of  metal  which  should 
be  required  for  bridges.  Mr.  Kounitsky,  Russian,  thought  it  premature 
to  demand  a  tensile  strength  of  40  kg.  per  sq.  mm.  (56,891  lbs.  per  sq. 
in.),  and  asked  that  this  limit  be  reduced  to  35  or  36  kg.  (49,780  or  51,202 
lbs.  per  sq.  in.).  The  Reporter  did  not  wish  to  specify  the  tensile  strength, 
but  to  recommend  a  relation  between  the  ultimate  tensile  strain  and  the 
corresponding  elongation ;  in  a  word,  to  fix  the  coefficient  of  quality  of 
the  metal.  « 

Information  was  asked  as  to  the  use  of  mild  steel  in  place  of  iron 
for  rivets. 

The  following  conclusions  were  adopted  : 

I  to  5  refer  to  weight  of  metal,  live  loads,  etc. 

5.  The  Congress  notes  that  the  use  of  mild  steel  for  metallic 
bridges  is  gradually  extending,  while  that  of  wrought  iron  is  becoming 
more  rare.  Engineers  are  now  generally  agreed  as  regards  the  hardness 
of  the  steel  to  be  recommended  for  metallic  bridges ;  such  steel  should 
have  about  25  per  cent,  of  elongation  with  an  ultimate  tensile  strain  of  at 
least  40  kg.  per  sq.  mm.  (56,891  lbs.  per  sq.  in.),  or,  what  comes  to 
the  same  thing,  its  coefficient  of  quality  should  be  10.  However,  in  the 
case  of  bridges  of  exceptional  span,  a  harder  metal  should  be  sought  by 
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exerting  greater  care  in  the  selection  of  the  material  at  the  time  of 
manufacture,  and  while  the  bridge  is  being  erected. 

In  the  first  case,  that  is  for  ordinary  bridge  work,  we  might  accept, 
as  in  the  case  of  wrought  iron,  the  limits  of  working  strain  at  6  to  9  kg. 
per  sq.  mm.  (8,534  to  12,891  lbs.  per  sq.  in.)  after  deducting  rivet  holes, 
whereas  for  exceptionally  large  main  girders,  these  limits  might  be  in- 
creased to  from  8  to  12  kg.  per  sq.  mm.  (11,378  to  17,067  lbs.  per  sq. 
in.),  with  about  Vs  more  for  wind  pressure.  It  is  desirable  in  all  cases 
that  the  working  strain  allowed  should  never  exceed  one-half  the  limit 
of  elasticity  of  the  metal  used;  where  pieces  are  subjected  to  alternating 
strains,  it  is  even  well  to  still  further  reduce  this  limit. 

6.  As  regards  the  action  of  wind  on  bridges,  it  is  now  nlmost  uni- 
versally agreed  to  adopt  the  coefficients  fixed  by  engineers  in  England 
about  1881.  However,  engineers  of  other  nationalities  in  both  hemispheres 
have  somewhat  modified  these  regulations  by  admitting  that  a  pressure 
of  170  kg.  per  sq.  meter  (34.8  lbs.  per  sq.  ft.)  is  sufficient  so  long  as 
trains  are  able  to  run  over  the  bridges,  for  they  say  that  with  a  wind 
pressure  of  270  kg.  per  sq.  meter  (55.3  lbs.  per  sq.  ft.)  the  service 
would  of  necessity  be  discontinued. 

7  and  8  refer  to  the  weights  of  metal  per  foot  of  span  and  the  economy 
of  continually  increasing  live  loads. 

9.  The  test  loads  almost  uniformly  applied  to  metallic  bridges  are 
indispensable  when  the  span  is  not  less  than  10  meters;  they  constitute 
a  guarantee  of  safety  to  which  the  traveling  public  and  the  railway  staflf 
are  entitled.  However,  favorable  results  furnished  by  these  tests  should 
not  be  taken  by  the  engineer  as  showing  that  the  structure  is  sufficiently 
strong;  they  do  not  in  any  way  supersede  the  necessity  of  seeing  that 
all  the  members  of  every  structure  are  properly  inspected  and  maintained. 

In  all  doubtful  cases  it  is  advisable  to  ascertain  the  working  strains  in 
the  metal  by  taking  direct  measurements  of  the  distortions  of  the  pieces 
themselves. 

10.  By  reason  of  the  numerous  practical  investigations  already  under- 
taken to  determine  the  working  strain  in  the  different  parts  of  metallic 
structures,  and  the  tendency  to  eliminate  the  influence  of  secondary  strains 
from  these  structures,  the  Congress,  on  the  proposal  of  Messrs.  Belelub- 
sky  and  Goupil,  proposes  that  the  program  for  the  next  session  should 
include  the  following  questions : 

a  What  methods  have  been  adopted  to  measure  the  actual  strains 
developed  in  the  different  members  of  metallic  structures? 

b  To  what  extent  have  the  practical  measurements  adopted  suc- 
ceeded in  diminishing  secondary  strains  in  the  different  parts  of  metallic 
structures  ? 

11.  The  Congress,  while  admitting  that  there  is  nothing  to  choose 
between  the  method  of  calculation  by  means  of  isolated  loads  and  that 
in  which  equivalent  uniform  loads  are  used,  is  of  opinion  that  these 
methods  are  not  quite  consistent  with  the  results  of  observation  as  ob- 
tained either  by  measurement  of  the  deflection  of  the  girders,  or  by  direct 
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measurement  of  the  tensile  and  compression  stresses  in  the  different  mem- 
bers. It  is  proposed  further,  at  the  request  of  Mr.  Cordeiro,  to  insert  in 
the  program  for  next  session  a  question  relating  to  the  modifications 
to  be  made  in  the  theory  of  the  strength  of  straight  girders,  so  as  to 
bring  it  more  in  agreement  with  observed  facts. 

SPECIFICATIONS   FOR  TESTS  OF   IRON,   CAST  IRON   AND   STEEL,  LAID  DOWN  BY   THE 
UNION    OF    GERMAN    METALLURGISTS. 

Abstract  from  the  Annales  des  travaux  publics  de  Belgique ;  printed  in 
Bui.  of  the  Int.  Ry.  Congress,  July,  1902,  p.  575. 

General  Regulations.  The  tests  may  be  on  finished  parts  and  on 
portions  removed  from  the  work  either  cold  (bending,  punching,  break- 
ing, tensile  and  torsional  tests)  or  hot  (bending,  punching  and  forging 
tests).  The  pieces  for  tensile  tests  are  to  have  a  clear  available  length  of 
200  millimeters  (about  8  ins.)  and  an  area  of  cross  section  from  300  to 
500  sq.  mm.  (0.47  to  0.78  sq.  in.).  The  bars  for  bending  tests  are  to  be 
from  30  to  50  mm.  (i  3-16  to  2  ins.)  wide.  The  test  bars  are  in  every 
case  to  be  prepared  cold  by  machining,  the  original  rolled  surfaces  being 
left  intact  wherever  possible. 

Structural  Steel. — Tensile  tests  of  ingot  iron  (Flusseisen)  where 
the  thickness  is  from  7  to  28  mm.  (0.28  to  i.io  in.)  must  give;  with  the 
grain  an  ultimate  tensile  strength  of  37  to  44  kg.  per  sq.  mm.  (52,644  to 
62,603  lbs.  per  sq.  in.)  with  a  minimum  elongation  of  20  per  cent.;  and 
across  the  grain  36  to  45  kg.  per  sq.  mm.  (51,221  to  64,026  lbs.  per 
sq.  in.)  with  an  elongation  of  17  per  cent.  When  the  thickness  is  less 
than  7  mm.  (0.28  in.),  the  ultimate  tensile  strength  is  to  be  greater  than 
the  above  by  2  kg.  per  sq.  mm.  (2,846  lbs.  per  sq.  in.)  and  the  elonga- 
tion reduced  by  2  per  cent.  In  addition  to  the  tensile  test  rolled  bars  are 
to  be  subjected  to  hot  bending  and  punching  tests  and  in  the  case  of  rivets 
to  bending  and  crushing  hot. 

Plates. — Plates  are  classified  according  to  dimensions  and  shape 
as  thin  plate  (less  than  5  mm.  (0.2  in.)  thick),  ordinary  plate  (over  5  mm. 
thick)  and  flat  bar.  According  to  quality  a  difference  is  made  between 
plates  for  tanks,  structural  work  and  ships  and  boilers.  There  are 
special  plates,  moreover,  having  an  ultimate  tensile  strength  greater  than 
SO   kg.   per    sq.    mm.    (71,140   lbs.    per    sq.    in.)    that    are    generally    pre- 


Classes  of  plate  from  8  to 
28  mm.  (0.32  to  I.IO 
inch)  thick. 


Structural 

Ship 

Boiler  , . . 


Ultimate  Tensile  Strength. 


Kilograms  per 
sq.  millimeter. 


35  to  42 
35  to  43 
34  to  40 


Pounds  per 
square  inch. 


49,798  to  59, 758 
49,798  to  61,180 
48,375  1056,912 


Elongation 
per  cent. 


20 
20 
25 
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pared  from  steel   containing  other   metals   or  metalloids  that   increase  its 
strength. 

Boiler  plates  and  plates  less  than  4  mm.  (0.16  in.)  thick  are  alone 
annealed. 

The  tests  to  be  applied  to  plates  are  tensile  test,  bending  after 
quenching,  punching  hot  and  forging.  The  two  first  named  are  the  most 
important.  Tensile  tests  should  give  the  following  results  measured  on 
bars  having  a  clear  available  length  of  200  mm.   (abo\it  8  ins.). 

The  bending  test  is  performed  on  strips  which  are  bent  until  the 
ends  are  parallel  to  and  distant  from  each  other  by  the  thickness  of  the 
plate  or  double  or  three  times  this  dimension,  according  to  the  class  of 
steel. 

Steel  Castings.— The  test  bars  shall  be  cast  in  one  with  the  cast- 
ing except  in  cases  where  the  dimensions  prohibit  this,  when  they  may  be 
cast  separately.  The  ultimate  tensile  strength  shall  be  according  to  the 
purpose  for  which  the  casting  is  intended,  from  36  to  60  kg.  per  sq.  mm. 
(51,221  to  85,368  lbs.  per  sq.  in.)  with  a  minimum  elongation  of  from 
20  to  8  per  cent. 

The  Congress  upon  Methods  of  Testing,  held  at  Budapest,  September, , 
1901.     By  Alexander  Pourcel,  Member  of  the  Association.    Le  Genie  Civil, 
Vol.  40,  p.  60. 

For  the  past  30  years  we  have  lived  upon  tension  tests.  But  the 
time  of  their  sovereign  efficacy  has  passed.  Tension  tests  give  us  the 
elastic  limit,  the  breaking  load,  the  elongation  and  the  reduction  of  area 
at  fracture.  Since,  in  constructions,  one  keeps  well  within  the  elastic 
limit,  it  would  seem  natural  to  take  tension  alone  for  a  guide,  and  not 
bother  with  permanent  elongations  which  should  never  be  produced,  and 
to  choose  metals  which  would  give  the  maximum  elastic  limit  and  resist- 
ance, in  order  to  diminish  the  weight  and  cost  of  structures.  It  was  thus 
that  we  hoped  to  be  able  to  do  when  we  commenced  to  substitute  cast 
iron  for  wrought  iron.  But  the  result  was  at  first  .  .  .  what  is  well 
known,  and,  in  place  of  demanding  a  minimum  elastic  limit,  the  maximum 
was  lowered  as  greater  security  was  required. 

This  was  reasoning  illogically.  Our  calculations  of  resistance  were 
based  upon  the  consideration  of  static  forces,  and  for  that,  tensile  tests 
answered  well.  But  dynamic  forces,  which  were  not  invited  at  the 
christening  of  steel,  have  taken  their  revenge.  In  order  to  resist  the 
different  kinds  of  destruction,  it  is  necessary  to  combine  in  the  same  ma- 
terial, two  different  properties,  properties  sometimes  spontaneously  as- 
sociated, but  not  always ;  the  resistance  to  static  loads,  measured  ef- 
fectively by  the  ordinary  tension  tests,  and  non-fragility,  which  escapes 
completely  from  these  tests. 

Engineers,  conscientious  in  their  work,  those  who  do  not  believe 
themselves  sufficiently  protected  by  the  "cahiers  de  charges"  which  they 
have  received  already  made  up  by  their  predecessors,  those  have  a 
double  end  in  view :  the  perfection  of  the  classic  methods,  which  have 
'.heir  raison  d'etre,  but  which  can  justly  be  called  cumbersome  and  oner- 
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ous,  and  especially  to  find  a  method  which  will  put  fragility  in  evidence 
and  measure  it. 

The  Congress  at  Budapest — and  this  was  its  principal  attraction — has 
well  responded  to  this  double  duty. 

The  evolution  of  the  old  methods  was  represented  by  the  proposi- 
tions of  M.  Brinel,  chief  engineer  of  the  Swedish  manufactories  at 
Fagarsta,  seconded  .by  M.  Wahlberg,  of  the  Stockholm  laboratory.  One 
forces  into  the  metal  to  be  tested  a  spherical  ball  of  tempered  steel  and 
micasures  under  the  microscope  the  diameter  of  the  imprint  rnade  by  a 
given  pressure.  The  surface  of  this  imprint,  called  measure  of  hardness, 
will  be  proportional,  at  least  for  the  steels  of  the  Fagarsta  annealing,  to  the 
resistance  in  tension ;  as  to  the  elongation,  it  was  determined  indirectly 
in  the  same  manner  in  repeating  the  test  upon  an  edge  of  the  test  piece 
and  thus  stretching  the  metal  circularly  to  the  point  of  rupture. 

Fundamentally,  this  is  the  same  method  recommended  by  Col.  Martel 
before  the  Comite  d'etudes  of  the  French  Commission,  and  which  consists 
in  dropping  a  steel  knife  upon  the  metal  and  measuring  the  length  of  the 
imprint.  But  the  arrangements  designed  by  M.  Brinell  and  the  large  num- 
ber of  his  experiments  attract  attention. 

Under  the  new  form  which  it  has  just  received,  the  method  appears 
simple,  rapid,  economical,  with  the  defect,  however,  of  taking  a  mean 
between  the  direction  of  lamination  and  at  right  angles  to  it ;  it  can  be 
applied  to  finished  pieces  without  injury,  and  it  probably  will  not  prove  too 
refractory  to  those  accommodations  which  morality  absolutely  rejects, 
but  which  commercial  morality  is  obliged  to  tolerate.  Still,  it  is  necessary 
to  see  what  it  will  give.  It  is  entitled  "measure  of  hardness"  and  shows, 
as  the  result  of  numerous  tests,  that  the  hardness  thus  defined  is  pro- 
portional, we  repeat,  to  the  resistance  to  tension.  From  which  it  re- 
sults, in  parenthesis,  that  this  resistance  to  tension,  referred  to  the  primi- 
tive section  of  the  test  piece,  is  indeed  a  coefficient  of  hardness — and  not 
of  tenacity — since   the  two  numbers  vary   in  the   same  ratio. 

But,  in  fact,  in  this  determination  of  hardness  by  the  method  of 
Brinell,  tension  does  not  come  directly  into  play;  the  test  is  one  of 
compression,  and  one  can  draw  from  it,  indirectly,  the  results  of  tension 
only  if  tension  and  compression  furnish  proportional  numbers.  This  can 
happen,  and  does  happen  often,  but  not  necessarily.  M.  Fremont  has 
proved  it,  and  it  is  upon  this  that  he  bases  his  explanation  of  fragility.  In 
support  of  this  view,  he  has  taken  a  soft  steel,  very  frail,  giving  at  most 
36.3  kg.  per  sq.  mm.  (51,628  lbs.  per  sq.  in.)  resistance  in  tension  and  tried 
it  with  the  steel  ball ;  the  resistance  to  tension,  calculated  from  the  surfaces 
of  8  impressions,  gave  44.4  kg.  (with  variations  from  41  to  49.6  kg.).  One 
sees  that  the  discrepancy  is  large.  It  shows  that  the  steel  considered  was 
much  less  dcformable  by  compression  than  by  tension,  frail  for  that  even, 
and  that  the  ball  measures  the  compression. 

If  one  wishes  to  hold  to  the  data  for  tension,  and  to  obtain  it  in  a 
very  simple  manner,  one  can,  with  advantage,  return  to  the  steel  knife 
method.    M.  Fremont  has  shown  that  the  two  methods  indicate  resistances 
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exactly  proportional,  the  unavoidable  discrepancies  not  surpassing  those 
•  of  each  method  individually.  The  knife  method  upon  small  specimens 
is  very  rapid  and  economical. 

This  brings  us  to  the  most  burning  question,  that  of  fragility.  The 
method  which  combines  all  preferences  is  that  of  flexure  by  shock,  upon 
grooved  bars,  at  least  for  soft  steels.  As  remarked  by  M.  H.  Le  Chatelier, 
It  remains  to  be  established  that  fragility  in  the  practical  use  of  metals 
and  fragility  as  brought  out  by  tests  upon  grooved  bars;  are  one  and  the 
same  property.  This  identity  is  not  yet  demonstrated ;  but  the  facts  in 
support  of  it  are  already  sufficiently  numerous  and  concordant  to  require 
consideration.  If,  on  account  of  the  factors  of  safety,  all  the  brittle 
steels  have  not  been  the  cause  of  accidents,  yet  all  the  steels  which  have 
behaved  badly  in  use  and  which  have  been  tested  by  the  new  method, 
have  shown  themselves  to  be  brittle. 

Numerous  contributions  to  this  study  have  been  presented  by  MM.  Ast 
et  Barba,  Brinell,  Charpy,  Fremont,  Le  Blant,  Guedenoff,  H.  Le  Chatelier, 
Vanderheym. 

Several  methods  have  been  tried  which  brings  up  the  four  following 
questions : 

1.  Should  the  bar  be  broken  by  one  or  several  blows? 

2.  What  quantity  should  be  measured? 

3.  What  should  be  the  form  and  dimensions  of  the  test  piece? 

4.  What  should  be  the  form  and  depth  of  the  groove? 

There  seems  to  be  no  doubt  but  that  the  bar  should  be  broken  by  a 
single  blow  (Barba,  Le  Blant,  Fremont,  Vanderheym).  If  one  strikes 
several  blows,  a  small  number,  3  or  4  for  example  (Charpy),  one  creates 
a  discontinuity  in  the  results  and  thus  many  classes,  not  exactly  comparable 
among  themselves,  as  to  the  maximum  number  of  blows ;  if  one  multiplies 
the  light  blows,  one  approaches  static  tests  and  the  property  desired  runs 
the  risk  of  passing  unnoticed. 

As  an  element  for  measure,  one  has  proposed  to  take  the  angle  of 
flexure  corresponding  to  the  first  crack,  which  would  give  place,  at  least 
in  the  standard  test,  to  inextricable  difficulties.  MM.  Barba  and  Le 
Blant  seek  the  minimum  height  which  permits  of  breaking  the  test  piece 
in  a  single  blow,  hence  the  necessity  of  a  series  of  gropings  and  of  a 
greater  or  less  number  of  test  pieces,  without  taking  into  account  the  fact 
that  the  velocity  of  impact  may  be  too  small  to  develop  fragility. 

It  remains  to  measure  the  work  of  rupture.  One  obtains  it  very 
easily  as  a  difference,  in  registering  the  residual  vis  viva  of  the  hammer 
after  rupture  of  the  bar,  the  height  of  the  fall  being  constant  and  suf- 
ficiently great  to  break  the  test  piece  in  every  case.  This  method,  proposed 
by  M.  Fremont,  Oct.  4,  1897,  in  a  note  to  I'Academie  des  Sciences,  has 
been  quite  generally  adopted  or  imitated.  One  can  receive  the  blow  upon 
a  spring  and  register  the  compression,  or  upon  "crushers."  The  latter 
method  seems  more  complicated;  it  was  devised  by  Prince  Gagarine  for 
use  m  the  manufacture  of  Russian  arms,  where  it  gave  entire  satisfaction. 
The  hammer  has  been  replaced  by  a  pendulum    in    the    experiments    of 
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M.  Russell,  published  in  America  early  in  i8g8,  and  ^I.  Charpy  has  also 
used  this  instrument,  without  appearing  otherwise  to  take  account  of   it. 

Large  test  pieces,  like  those  of  M.  Charpy,  would  have,  from  certain 
points  of  view,  the  advantage  of  distributing  local  irregularities ;  they  have 
the  disadvantage  of  not  being  able  to  be  taken  from  any  .part  nor  from 
any  direction  of  a  piece.  The  small  bars,  8x10x30  millimeters  (0.315XO.394X 
1. 181  inches),  recommended  by  M.  Fremont,  avoid  these  objections  and 
^re  sufficient  to  require  only  an  ordinary  adjustment  in  order  to  obtain 
results  in  which  the  differences  of  calibration  will  be  of  secondary  im- 
portance with  reference  to  the  degree  of  precision  required. 

As  to  the  form  of  the  groove,  it  has  been  very  much  discussed,  as 
also  the  means  of  obtaining  it :  cutting  with  the  drill,  with  the  file,  with 
the  graver,  with  the  knife,  with  the  saw,  rounded,  pointed,  rectangular, 
with  or  without  a  cavetto,  etc.  From  the  latest  indications,  this  point 
cannot  be  as  important  as  at  first  assumed  ;  steels  truly  dangerous  show 
themselves  brittle  with  all  the  grooves,  and  those  in  which  by  the  form  of 
the  groove  can  be  made  to  appear  brittle  or  not,  are  sufficiently  safe  for 
use. 

Our  personal  opinion,  already  expressed  in  Le  Genie  Civil  of  Sep 
tember  last  (Vol.  30,  p.  354),  is  that  M.  Fremont's  method  combines  in 
the  highest  degree  the  qualities  requisite  for  a  standard  one.  The 
Budapest  Congress,  it  is  true,  has  not  made  a  final  decision.  Indeed.  Pro- 
fessor Howe,  the  well-known  American  metallurgist,  wished,  the  logician 
that  he  is,  to  draw  conclusions  as  soon  as  possible  from  the  data  al- 
ready obtained,  but  the  subject  was  too  new  for  many  of  the  members,  and 
appeared  too  formidable  to  others,  for  the  fortress  to  be  taken  at  the  first 
attack.  They  agreed  upon  the  motion  of  M.  Sauvage,  of  Section  A  of 
the  Congress,  to  issue  the  vote  that  "with  reference  to  the  general  tests 
j)rescribed  for  metals,  and  for  the  purpose  of  study,  one  brings  about  as 
much  as  possible  tests  by  shock  upon  grooved  bars,  b}-  punching,  by  the 
imprint  of  balls,  in  order  to  study  the  correspondence  of  the  different 
methods  of  testing  and  to  fix  the  numerical  data  applicable  with  the 
new  methods." 

While  waiting  for  these  last  to  vanquish  all  resistances,  they  have 
already  a  summary  of  the  most  important  facts.  In  the  application  of 
the  flexure  of  grooved  bars  by  shock,  M.  Brinell  has  shown-  that  the 
softest  steels  are,  or  can  be  normally  as  brittle  as  the  tool  steels,  especially 
at  low  temperatures.  The  value  of  certain  treatments,  tempering  followed 
by  a  return  or  by  an  annealing,  acceleration  of  the  cooling  between  certain 
scales  of  temperature,  treatments  already  applied  by  the  French  Marine 
following  the  labors  of  MM.  Andre  Le  Chatelier  and  Auscher,  which  per- 
mit of  appreciating  and  controlling  the  results,  spring  clearly  from  the 
notes  of  MM.  Barba,  Le  Blant,  Vanderheym.  The  last  has  studied  the 
influence  of  phosphorus  upon  iron  and  steels.  1\I.  Guillery  has  studied 
steels  from  300°  to  1,400°  and  put  in  evidence  the  two  periods  of  fragility, 
i:he  one  in  the  lower  scale  (fragility  in  the  blue),  the  other  in  the  high 
scale   (red  short). 
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We  have  left  aside  another  question  brought  up  since  tlie  Congress 
of  Stockhohn,  that  of  homogeneity,  which  has  been  confided  to  a  perma- 
nent committee  of  the  association,  directed  by  MM.  Ast  and  Barba. 

In  principle,  all  methods  of  testing  show,  more  or  less  clearly,  defects 
in  homogeneity  by  the  variations  in  the  results  of  tests  from  several  dif- 
ferent points  of  the  same  bar.  In  fact,  the  researchers  upon  homogeneity 
find  themselves  actually  tied  to  the  bending  of  grooved  bars,  a  method 
which  amplifies  differences.  It  is  clear  that  these  differences  will  be  better 
brought  out  the  smaller  the  test  pieces,  and  this  is  one  of  the  arguments 
which  M.  Fremont  has  in  support  of  the  dimensions  which  he  has 
adopted. 

It  would  be  desirable  to  have  methodical  experiments  undertaken  as 
to  the  causes  of  the  lack  of  homogeneity.  These  causes  are  known :  segre- 
gation in  the  ingots,  inequalities  in  the  rate  of  cooling,  tensions  which 
result  from  it.  But  all  these  should  be  put  in  the  form  of  numerical  laws, 
and  this  should  not  be  impossible. 

Loads  and  Working  Stresses  for  Austrian  Building  Work.  Engrg. 
Record,  Vol.  45,  p.  328. 

The  committee  appointed  in  1899  by  the  Austrian  Society  of  Engineers 
and  Architects  to  report  on  "Specifications  for  the  loading  of  structures, 
and  the  working  stresses  of  materials  of  construction"  has  just  (January, 
1902)  published  the  results  of  a  two  years'  labor.  The  figures  published 
are  compiled  from  the  report  by  Mr.  F.  C.  Kunz. 

Permissible   working  stresses,  in   pounds  per  square  inch. 

Wrought  iron,  tension  14,200,  compression  14,200,  bending  14,200,  shear 
11,400. 

Ingot  iron,  tension  14,200,  compression  14,200,  bending  14,200,  shear 
11,400. 

Cast  iron,  tension  2,850,  compression  8,530,  bending  3,560,  shear  2,850. 

All  rivet  holes  must  be  drilled.  Maximum  pressure  on  bearing  sur- 
face of  rivets,  23,000  pounds  per  sq.  in. 

EXTRACTS   FROM   THE   REPORT    AND   DISCUSSION   OF   MA- 
TERIAL  FOR    BRIDGES    AT   THE    LAST    MEETING    OF 
THE     EUROPEAN     INTERNATIONAL     RAIL- 
WAY  CONGRESS. 

Max  Edler  von  Leber, 

State  Councillor  at  the  Ministry  of  Railzvays  of  the  Austrian  Empire,  Re- 
port cj: 

(Compiled  by  J.  P.  Snow,  Chairman  of  Committee.) 

Mild  steel  (ingot  iron)  has  only  gradually  come  to  be  used  in  th^  con- 
struction of  metallic  bridges.  The  reporter  remembers  that,  when  visiting 
the  office  of  Sir  J.  Fowler  and  Sir  B.  Baker  in  London  in  1882,  he  was 
somewhat  surprised  to  find  that  it  had  been  decided  to  construct  the  Forth 
bridge  of  mild  steel.     This  metal  had  been  almost  abandoned  in  Austria 
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after  some  tests  made  between  1879  and  1881,  which  do  not  seem  to  have 
been  satisfactory.  The  steel  used  in  the  bridges  where  it  was  tried  should 
have  had  a  breaking  strength  of  45  kilograms  per  square  millimeter  (64,- 
000  pounds  per  square  inch)  with  a  sectional  contraction  of  45  per  cent. 
(The  formula  used  at  that  time  specifies  in  a  more  general  way  that  the 
sum  of  the  numbers  representing  the  breaking  strain  and  the  contraction 
should  be  equal  to  90.)  The  specifications  were  very  strict,  and  the  manu- 
facturers had  not  then  attained  a  very  regular  method  of  inanufacture, 
for  many  of  the  qualities  of  iron  were  rejected  after  being  tested.  An 
accident  happened  to  the  bridge  over  the  Talfer  (31  meters — loi  feet  8 
inch  span),  in  which  several  members  were  broken  by  being  struck  by 
an  empty  wagon  that  had  been  derailed,  and  other  accidents  of  still  more 
recent  occurrence  seemed  to  confirm  the  unfavorable  impression  caused 
in  Germany  by  the  comparative  experiments  made  at  the  Harkert  works, 
Duisbourg,  on  iron  and  steel  girders ;  these  circumstances  led  to  the  tem- 
porary abandonment  of  mild  steel  in  Austria.  However,  bridges  soon  be- 
gan to  be  built  again  of  steel  as  produced  by  the  Siemens-Martin  process. 

The  steel  industry  was  more  advanced  in  Germany  than  in  Austria 
and  even  than  in  France  from  certain  points  of  view.  Thus,  while  in 
the  latter  country  the  use  of  mild  steel  plates  for  boilers  had  been  tempo- 
rarily abandoned  about  1880,  this  metal  was  in  pretty  general  use  on  cer- 
tain German  railways  in  1881. 

It  is  to  the  French  Admiralty  Department  that  we  owe  the  great 
progress  realized  in  France  in  the  employment  of  mild  steel  for  structures ; 
its  success,  which  has  been  complete,  is  due  to  two  causes ;  the  Depart- 
ment has  sought  to  obtain  a  metal  equal  in  quality  to  the  higher  qualities 
of  iron  and  not  to  steel,  and  it  has  refused  to  accept  from  the  manufac- 
turers any  metal  but  that  of  an  absolutely  homogeneous  quality.  Its  re- 
quirements in  this  latter  respect  have  certainly  rendered  considerable 
service  to  metallurgy;  the  French  works  are  now  in  a  position  to  manu- 
facture, even  with  the  converter,  mild  steel  of  a  strength  not  more  than 
2  kilograms  per  square  millimeter  (2845  pounds  per  square  inch)  over  or 
under  that  specified  and  whose  elongation  for  a  given  strength  is  almost 
constant.  Engineers  of  the  French  navy  consider  that  for  naval  struc- 
tures mild  steel  is  preferable  to  wrought  iron,  not  only  from  the  point  of 
view  of  economy  and  lightness,  but  also  as  regards  resistance  to  with- 
stand shocks.  The  success  obtained  in  the  construction  of  ships  exposed  to 
violent  shocks  and  continual  distortions  could  also  be  attained  in  the 
construction  of  bridges,  on  condition  that  the  same  quality  of  metal  were 
used  and  the  same  precautions  taken ;  besides,  considering  how  well 
equipped  steel  works  are  at  the  present  day,  it  is  only  a  question  of  care. 

Just  as  for  wrought  iron,  so  the  best  method  of  ascertaining  the 
quality  of  mild  steel  consists  in  measuring  the  tensile  strain  and  the 
elongation ;  but  these  measurements  attain  here  a  much  greater  importance, 
since  they  alone  show  the  nature  of  the  metal  and  its  homogeneity.  In 
fact,  whereas  the  different  qualities  of  wrought  iron  produced  in  the  same 
works  present  only  comparatively  slight  variations  in  strength  and  elonga- 
tion, we  can  with  the  same  ore  produce  in  the  Bessemer  converter  and 
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even  in  the  Siemens-IMarlin  furnace  all  the  varieties  of  metal  from  almost 
pure  soft  iron  to  hard  steel ;  the  same  cast  may  even  produce  ingots  of 
different  hardness,  and  the  ingots  themselves  are  only  homogeneous  if 
certain  precautions  have  been  taken  in  casting  them.  We,  therefore,  really 
only  know  the  quality  of  the  steel  by  the  tests  to  which  it  is  subjected; 
but  these  tests  can  only  be  considered  conclusive  if  they  furnish  proof 
that  the  metal  presented  for  acceptance  satisfies  in  a  general  way  the 
specified  conditions.  We  cannot,  in  fact,  test  the  piece's  that  are  really 
used,  and  it  would  be  almost  impossible  to  test  samples  of  all  the  bars  from 
which  these  pieces  are  cut.  The  rejection  of  the  lots  from  which  the  lest 
pieces  have  been  taken  that  have  given  unsatisfactory  results  does  not, 
therefore,  give  us  any  guarantee,  that  bars  of  the  same  quality  will  not  be 
used,  unless  we  can  assure  ourselves  that  the  lots  are  of  homogeneous 
quality.  Now,  it  is  easy  to  see  not  only  that  the  employment  of  hard  steel 
instead  of  mild  steel  introduces  into  the  work  an  element  of  brittleness, 
but  that  the  juxtaposition  in  the  same  member  of  elements  that  are  not 
homogeneous  has  the  effect  of  diminishing  its  strength  to  an  extent  that  is 
often  very  considerable.  To  satisfy  oneself  of  this,  it  is  only  necessary  to 
indicate  on  the  same  diagram  the  curves  representing  the  strengths  of  dif- 
ferent qualities  of  steel,  taking  for  abscissas  the  elongations  and  for 
ordinates  the  ultimate  tensile  strains  of  the  bars  of  different  qualities. 
If  we  suppose  these  bars  to  be  of  equal  section  and  to  be  connected  to- 
gether so  that  they  cannot  be  elongated  independently  of  each  other,  that 
is  to  say,  like  the  angles  and  flange  plates  of  a  girder,  for  example,  we 
see  that  for  each  value  of  the  elongation  the  resistance  of  the  whole  will 
be  about  the  sum  of  the  ordinates  of  the  curves  measured  for  the  corre- 
sponding abscissa.  At  the  moment  of  breaking  of  the  hardest  bar,  the 
other  bars,  if  the  difference  of  the  coefficients  of  elongation  is  great,  will 
still  be  a  long  way  from  the  strain  represented  by  their  breaking  strength. 
It  is  to  effects  of  this  kind  produced  in  a  bar  and  to  the  molecular 
tensions  resulting  from  irregular  tempering  or.  from  mechanical  strains 
that  we  must  attribute  in  the  majority  of  cases  the  brittleness  so  often 
taken  exception  to  in  steel.  These  strains  are  not  produced  in  mild  steel, 
at  least  not  to  any  important  extent,  when  its  resistance  is  less  than  45 
kilograms  per  square  millimeter  (64,000  pounds  per  square  inch),  because 
it  is  not  very  much  affected  by  the  tempering  and  its  malleability  almost 
annuls  the  effects  of  mechanical  strains ;  for  this  reason  bridge  engineers 
have  up  to  the  present  agreed  to  fix  the  ultimate  tensile  strain  for  mild 
steel  to  be  used  in  bridges  below  this  limit,  or  at  least  below  50  kilo- 
grams (71,116  pounds  per  square  inch).  There  are,  however,  sligut  differ- 
ences of  opinion  on  this  point,  for  some,  wishing  above  all  to  avoid  the 
effects  of  tempering,  limit  the  ultimate  tensile  strain  to  44  or  45  kilo- 
grams (62,582  or  64,000  pounds  per  square  inch),  whereas  others,  wishing 
to  raise  the  resistance  and  the  limit  of  elasticity  as  high  as  prudence  will 
allow,  prefer  a  somewhat  harder  metal,  the  resistance  of  which  may 
amount  to  50  kilograms  (71,116  pounds)  ;  in  fact,  the  limit  of  58  kilograms 
(82,500  per  inch),  has  been  allowed  for  the  Forth  bridge,  but  only  for 
pieces  in  compression.     The  elongation  varies  almost  in  inverse  proportion 
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to  the  resistance  ;  it  is  best  that  it  should  be  specified  as  high  as  the  nor- 
mal conditions  of  manufacture  will  allow  ;  we  may  assume  that  the  elonga- 
tion measured  on  test  pieces  200  millimeters  (7%-inch)  long  and  500 
square  millimeters  (.775  square  inches)  in  section,  should  be  at  least  24 
per  cent,  for  resistance  of  42  kilograms  (59,737  pounds  per  square  inch) 
and  at  least  20  per  cent,  for  a  resistance  of  50  kilograms    (71,116  pounds). 

It  can  scarcely  be  indicated  in  a  general  way  what  quality  of  steel 
is  the  best  to  be  used.  For  large  structures,  in  which  it  is  important  that 
the  coefficient  of  resistance  of  the  metal  should  be  high  in  order  to  reduce 
the  weight,  and  the  details  of  which  are  likely  to  be  subjected  to  careful 
inspection,  there  is  evidently  every  advantage  to  be  gained  by  using  steel 
of  the  highest  possible  resistance. 

The  Forth  bridge  specification  stipulates  a  breaking  strain  of  at  least 
47.2  kilograms  (67,000  pounds  per  square  inch),  and  an  elongation  of  20 
per  cent  for  pieces  in  tension,  as  well  as  a  breaking  strain  of  53.5  kilograms 
(76,000  pounds),  and  an  elongation  of  17  per  cent,  for  pieces  in  com- 
pression.* 

For  large  metallic  bridges  built  in  the  Colonies  the  English  engineers 
at  the  London  meeting  also  recommended  rather  hard  qualities  obtained 
with  acid  linings.  For  bridges  of  small  span,  in  which  the  working  strains 
are  not  so  much  influenced  by  the  weight,  and  the  execution  of  the  work 
is  not  subjected  to  such  minute  inspection,  it  will  generally  be  preferable 
to  use  a  milder  quality  of  steel. 

The  use  of  mild  steel  for  bridges  requires  the  adoption  of  special 
precautions ;  the  rivet  holes  should  be  drilled  and  not  punched,  or,  what  is 
simpler,  the  holes  should  be  punched  to  a  diameter  2  or  3  millimeters  less 
than  the  required  diameter  and  then  drilled  up,  bars  should  not  be  notched, 
and  drifting  should  not  be  allowed.  Still,  these  precautions  are  only  abso- 
lutely indispensable  when  the  limit  of  resistance  exceeds  45  kilograms 
(64,000  pounds). 

In  short,  from  all  the  information  which  we  have  collected,  and  of 
which  a  large  part  has  been  supplied  by  our  eminent  colleague  and  former 
collaborator,  Mr.  Charles  Bricka,  it  follows  that  almost  throughout  the 
whole  of  Europe  the  breaking  strains  and  the  coefficients  of  elongation 
really  admitted  for  mild  steel  to  be  used  in  bridges  do  not  differ  greatly 
from  those  admitted  by  the  Congress  at  its  third  session,  held  in  Paris 
in  1889  (elongation  of  24  to  22  per  cent,  for  a  breaking  strain  of  40  to  45 
kilograms — 59,737  to  64,000  pounds)  ;  rightly  or  wrongly,  however,  the 
difference  between  the  higher  and  lower  limits  for  each  coefficient  varies 
very  much,  while  the  values  specified  have  often  been  high,  so  that  really 
the  conditions  imposed  seem  to  be  extremely  variable. 

HYPERBOLAS    OF    QUALITY     AS     USED    IN     GERMANY. 

During  the  year  1891,  endeavors  were  made  in  Austria  to  consolidate 
and  improve  the  conditions  of  acceptance  for  the  qualities  of  mild  steel 

*The  Forth  bridge  can  not  be  comiiared  with  ordinary  bridges  on  account  of  its 
enormous  dead  load.  The  live  load  on  its  two  tracks  constitutes  but  5  percent,  of  the 
total  load.    (J.  P.  S.) 
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used  in  metallic  bridges  with  the  object  of  obtaining  a  metal  as  homogene- 
ous as  possible,  for  each  structure.  A  similar  movement  was  set  on  foot 
among  bridge  engineers  in  Germany.  But  the  Association  of  Metallurgical 
Engineers,  at  their  meeting  held  in  iS8g  at  Dusseldorf,  passed  a  series  of 
resolutions  which  fixed  the  elongation  of  mild  steel  for  use  in  bridges  at 
20  per  cent,  and  the  ultimate  tensile  strain  at  from  38  to  45  kilograms 
(54.000  to  64,000  pounds).  These  stipulations  were  regarded  as  authorita- 
tive for  some  time  in  Germany,  where  more  than  20  per  cent,  of  elonga- 
tion could  not  be  demanded  from  manufacturers  for  any  quality  of  mild 
steel ;  in  connection  with  this  matter  the  practice  in  England  was  quoted, 
where  the  Board  of  Trade  did  not  demand  a  greater  elongation  than  this. 
The  Austrian  steel  makers  also  agreed  among  themselves  that  they  would 
not  accept  any  specification  requiring  more  than  20  per  cent,  of  elongation, 
and  even  the  Association  of  Engineers  and  Architects  of  Austria,  who  in- 
terested themselves  in  the  matter  for  a  time,  could  obtain  no  further  con- 
cession from  them. 

In  1891  the  Ministry  of  Commerce  recognized  the  necessity  of  estab- 
lishing compulsory  rules  as  to  the  conditions  to  be  imposed  on  manufac- 
turers in  connection  with  the  manufacture  of  the  various  qualities  of  mild 
steel  to  be  used  in  the  construction  of  metallic  bridges.  On  this  occasion 
the  reporter,  who  was  also  reporter  to  the  committee  of  inquiry  nominated 
by  the  ministry,  had  to  collect  all  the  specifications  then  in  use  as  well  as 
the  regulations  issued  by  the  governments  of  certain  countries.  It  was 
by  showing  those  interested  that  in  a  great  number  of  cases,  particularly 
in  France,  Russia  and  Northern  Germany,  the  inspection  of  mild  steel 
was  carried  out  strictly  in  accordance  with  very  severe  specifications,  that 
an  understanding  was  at  length  obtained  on  very  fair  conditions,  which 
are,  moreover,  very  similar  to  those  agreed  to  by  the  Congress  at  its 
third  meeting,  held  in  Paris  in  1889.  The  regulations  issued  by  the  Minis- 
try of  Commerce  on  January  29,  1892,  definitely  fixed  these  conditions 
as  follows :  For  an  ultimate  tensile  strain  varying  from  35  to  45  kilo- 
grams per  square  millimeter  (50,000  to  64,000  pounds  per  square  inch), 
and  elongation  of  28  to  22  per  cent,  measured  on  a  length  of  200  millimeters 
(7%  inches),  the  section  of  test  piece  being  about  500  square  millimeters 
(775  square  inch).  For  very  mild  steel  such  as  is  used  for  making 
rivets,  an  elongation  varying  from  32  to  26  per  cent,  was  allowed  for  an 
ultimate  tensile  strain  of  35  to  40  kilograms  (50,000  to  57,000  pounds). 
.  .  .  The  idea  of  hyperbolas  of  quality  as  used  in  Germany  is  based  on 
the  opinion  of  metallurgical  engineers  that,  for  the  same  furnace  and  the 
same  original  materials  and  under  the  same  conditions  in  all  other  respects, 
the  metals  of  various  degrees  of  hardness  which  are  produced  give  elonga- 
tions varying  almost  in  inverse  ratio  of  the  ultimate  tensile  strain.  It  is 
a  fact  already  referred  to  by  our  late  collaborator,  Mr.  Charles  Bricka, 
during  the  sectional  discussions  on  this  question  at  the  Paris  meeting 
held  in  1889.  Now,  to  admit  this  empirical  law  is  to  admit  that  for  the 
same  quality  of  metal  produced  the  two  functions   (ultimate  tensile  strain 
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and  elongation)  which  serve  as  co-ordinates  in  our  diagram  have  a  con- 
stant product.    This  at  once  leads  us  to  the  idea  of  hyperbolas  of  quality* 

If  we  glance  over  the  conditions  specified  for  bridge  steel,  from  the 
mildest  quality  having  an  ultimate  tensile  strain  of  35  kilograms  (50,000 
pounds)  up  to  the  hardest  quality  used  in  the  Forth  bridge,  we  are  led  to 
see  that  the  idea  of  curves  of  quality  is  justified  by  facts.  It  seems  to 
follow  that  the  representative  horizontal  line  of  many  specifications  should 
be  replaced  by  inclined  lines  similar  to  those  given  by  the  standard  Aus- 
trian specification.  We  might  say,  for  instance,  the  metal  to  be  supplied 
should,  according  to  the  ultimate  tensile  strain  and  the  elongations  meas- 
ured, remain  within  the  curves  of-  quality  Nos.  9  and  11  (or  15,680  and 
12,800).  We  should  thus  include  almost  all  the  qualities  of  steel  generally 
accepted,  for,  although  certain  specifications  seem  to  attain  curve  12  (17,- 
120),  we  can  assume  that  the  metal  really  produced  with  a  required  elonga- 
tion will  generally  remain  below  curve  11  (15,680),  as  regarded  the  ulti- 
mate tensile  strain. 

We  are  of  the  opinion,  perhaps  for  the  reasons  which  we  have  just 
mentioned,  that  the  representative  horizontal  lines  used  up  to  now  suit 
very  well  when  they  apply  to  a  special  lot  of  metal,  since  the  available 
margin  for  the  ultimate  tensile  strain  offers  no  inconvenience,  whereas 
the  minimum  elongation  should  ensure,  as  long  as  need  be,  the  homo- 
geneity of  the  metal  supplied.  We  believe,  then,  that  a  curve  of  quality 
should  only  be  considered  as  the  geometrical  locus  and  the  left  hand  ex- 
tremities of  the  representative  horizontal  lines  to  be  prescribed  in  each 
case. 

In  this  sense  also  we  must  consider  the  inclined  representative  lines 
of  the  Austrian  standard  specification  or  of  the  stipulations  agreed  to  by 
the  Congress  at  Paris  in  1889,  which  keep  close  to  curve  10  (14,240). 
We  are  able  to  state  further  that  a  certain  number  of  administrations  have 
follow-ed  the  lead  of  the  Swiss  regulations  of  August  19,  1892,  which 
stipulated  explicitly  such  a  curve  of  quality. 

In  conclusion,  we  think  that  the  attention  of  the  Congress  should  be 
drawn  to  a  point  still  unsettled.  In  Austria  and  in  the  majority  of  specifi- 
cations it  is  at  present  stipulated  that  the  metal  to  be  supplied  for  bridges 
shall  be  manufactured  in  a  reverberatory  furnace  (Siemens-Martin  open- 
hearth  process).  Most  English  and  American  engineers  also  specify  this. 
In  North  Germany  and  in  France  steel  produced  in  a  converter  (Thomas 
Gilchrist  process,  etc.),  is  also  accepted,  provided  that  it  satisfies  the 
specified  conditions." 


*The  curves  are  equilateral  hyperbolas  referred  to  their  asymptotes.  The  abscissas 
being  the  ultimate  tensile  strain  in  kilograms  per  sq.  millimeter  or  lbs.  per  sq.  in.,  and 
the  ordinates  the  per  cent,  of  elongation  in  hundredths.  For  example,  if  the  ultimate 
tensile  strain  is  45  kilograms  per  miflimeter  or  64,01)0  lbs.  per  sq.  in.,  and  the  elongation 
2454  per  cent.,  we  have  for  the  constant  of  the  curve  45x0.245=11  or  64.000x0.245= 
15.680  in  metric  and  English  terms  respectively. 

■        ,    .         •  .  o         "f   ■         ,  .•  1,500,000  . 

The  occasional  American  practice  of  specifying  elongation  = ; is  equiva- 

"  ■  ult. 

ent  to  a  similar  curve  having  the  rectangle  of  its  coordinates  equal  to  15,000.     (.T.  T.  .S  ) 
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This  report  was  discussed  as  follows: 

Mr.  de  Kounitsky,  Ministry  of  Ways  of  Communication,  Russia, 
"...  The  fifth  conclusion  says  that  the  iron  used  in  metallic  bridges, 
should  give  25  per  cent  of  elongation  for  an  ultimate  tensile  strain  of  at 
least  40  kilograms  per  square  millimeter  (56,891  pounds  per  square  inch). 

"While  agreeing  with  the  reporter,  I  think  it  is  not  necessary  to 
specify  straight  off  an  ultimate  tensile  strain  of  40  kilograms;  it  would 
be  better  to  arrive  at  that  breaking  strain  by  stages  and  to  stop  for 
example  at  35  kilograms  (49.780  pounds  per  square  inch),  while  leaving 
forty  to  be  prescribed  at  the  next  meeting  of  the  Congress. 

"I  must  admit  that  in  Russia  it  is  only  with  great  difficulty  that  we 
could  comply  with  this  regulation,  for  our  manufacturers  are  not  yet  in 
a  position  to  supply  metal  which  would  come  up  to  the  requirements  indi- 
cated above." 

Mr.  Belelubsky,  Ministry  of  Ways  of  Communication,  Russia.  .  .  . 
"Dealing  with  the  use  of  mild  steel  in  bridges,  the  reporter  says :  'Ac- 
cording to  a  communication  received  from  our  colleague,  Mr.  de  Werk- 
hovsky,  the  regulations  issued  by  the  Russian  Government  dated  August 
25,  1888,  specify  25  per  cent,  of  elongation  for  an  ultimate  tensile  strain 
of  34  to  40  kilograms  per  square  millimeter  (48,358  to  56,891  pounds  per 
square  inch). 

"The  report  gives  the  history  of  the  use  of  mild  steel  in  Austria,  but  it 
neglects  to  state  any  particulars  regarding  Russia.  I  may  say  that  since 
1881  the  question  of  using  mild  steel  in  metallic  bridges  has  had  the  care- 
ful  attention   of   specialists. 

"It  was  in  the  navy  that  the  use  of  mild  steel  was  first  authorized;  in 
1883,  and  not  in  1888,  which  is  the  date  of  the  publication  of  the  regula- 
tions, the  use  of  mild  steel  in  the  construction  of  metallic  bridges  came 
into  favor,  the  ultimate  tensile  strain  of  the  metal  being  between  41  and  45 
kilograms   (58,314  and  64,003  pounds  per  square  inch). 

"These  limits  of  resistance  were  fixed  by  a  commission  specially  ap- 
pointed by  the  Minister  of  Ways  of  Communication,  in  view  of  the  results 
obtained  from  different  tests  of  mild  steel  and  the  terms  of  the  specifica- 
tions for  bridges  built  on  the  secondary  lines  near  Vienna.  When  mild 
steel  was  first  used,  it  was  shown  in  Russia  as  well  as  in  other  com.tries 
that,  when  metal  had  a  high  resistance,  it  did  not  possess  sufficient  ductil- 
ity, and  was  liable  to  show  signs  of  brittleness  even  before  being  subjected 
to  the  full  load ;  the  consequence  was  that  a  milder  quality  of  steel, 
having  an  ultimate  tensile  resistance  of  from  34  to  40  kilograms  per  square 
millimeter  (48,358  to  56,891  pounds  per  square  inch),  came  to  be  used  in 
Russia,  and  precautions  were  adopted  in  other  countries  where  it  was 
used,  such  as  in  Austria  and  Germany,  etc.,  but  not  in  Switzerland  and 
Italy.  At  that  time  (1883-1887)  mild  steel  was  used  in  the  construction 
of  the  bridges  of  three  Russian  lines.  The  Russian  regulations  of  1888 
specify  generally  the  use  of  mild  steel  for  all  works  executed  for  the 
Ministry  of  Ways  of  Communication,  and  when  the  Roumanian  Govern- 
ment appointed  the  International   Commission   (of  which  Messrs.   CoUig- 
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non  and  Winkler  were  members)  to  investigate  the  question  of  the  nature 
of  the  metal  to  be  used  in  the  bridge  over  the  Danube,  near  Cernawoda, 
Mr.  Winkler  proposed  that  the  Roumanian  Commission  should  apply  to 
the  Russian  Government  for  particulars  as  to  the  use  of  mild 
steel.  The  particulars  furnished  with  regard  to  the  use  of  mild  steel  in 
bridges  built  in  Russia  appeared  in  the  German  Journal  Eisen  und  Siahl 
in  1888,  and  in  the  report  of  the  Roumanian  Commission.  Thus,  it  should 
be  stated  in  the  historical  part  of  the  report  that  the  use  of  mild  steel  on  a 
large  scale  in  Russia  preceded  its  use  in  Germany  and  in  Austria ;  in  these 
countries  it  was  not  till  ten  years  after  1880  (Fordon  and  Dirschau 
bridges,  the  Austrian  tests  made  by  the  Commission  of  Kladno  in  Bo- 
hemia and  by  the  Society  of  Austrian  engineers),  that  mild  steel  having 
a  resistance  of  from  35  to  45  kilograms  (49,780  to  64,003  pounds  per 
square  inch)  came  into  general  use;  and  this  resistance  is  now  specified 
in  the  Russian  regulations  of  1896. 

"...  An  ultimate  tensile  strain  of  40  kilograms  per  square  milli- 
meter (56,891  pounds  per  square  inch),  as  specified  in  conclusion  5,  would 
have  a  serious  effect  on  our  own  industry,  as  well  as  on  that  of  other 
countries.  It  would,  therefore,  be  preferable  to  say:  'Minimum  35  or  36 
kilograms  (49,780  or  51,202  pounds  per  square  inch),'  and  I,  for  my  part, 
would  agree  to  go  to  36,  for  I  consider  this  a  very  good  coefficient  of  resist- 
ance. 

"...  The  results  obtained  in  Russia  with  mild  steel  rivets  are 
favorable ;  however,  they  require  to  have  a  smaller  tensile  strength  and  to 
give  a  greater  elongation  than  mild  steel  plates.  Further,  it  is  recom- 
mended that  certain  precautions  should  be  taken  at  joints  in  which  the 
rivets  have  to  be  driven  on  the  site.  It  is  clear  that  it  is  easier  to  close 
rivets  in  the  works  than  in  the  field. 

"I  would  add  that,  before  publishing  the  last  Russian  regulations 
(1896),  which  authorize  the  use  of  mild  steel  for  rivets,  we  went  the 
length  of  communicating  with  German  bridge  builders  and  engineers,  who, 
from  their  great  practical  experience  with  mild  steel  rivets,  were  in  a 
position  to  give  us  some  precise  information.  I  may  state  that  we  have 
never  found  any  inconvenience  from  using  mild  steel  rivets." 

Mr.  von  Leber,  Reporter:  "I  received  information  from  a  large  num- 
ber of  companies  regarding  the  nature  of  the  metal,  and  certain  of  these 
companies  state  that  they  have  special  regulations  for  rivets.  At  the  pres- 
ent day  it  may  be  said  that  there  are  as  many  companies  using  mild  steel 
for  rivets  as  there  are  companies  using  wrought  iron ;  only,  the  specifica- 
tions for  mild  steel  rivets  are  more  severe." 

The  conclusion  finally  adopted  on  this  subject  was:  "The  Congress 
notes  that  the  use  of  mild  steel  for  metallic  bridges  is  gradually  extending, 
whereas  the  use  of  wrought  iron  is  becoming  more  rare.  Engineers  are 
now  generally  agreed  as  regards  the  hardness  of  the  steel  to  be  recom- 
mended for  metallic  bridges ;  such  steel  should  have  about  25  per  cent,  of 
elongation  with  an  ultimate  tensile  strain  of  at  least  40  kilograms  per 
square  millimeter  (56,891  pounds  per  square  inch),  or,  what  comes  to  the 
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same  thing,  its  coefficient  of  quality  should  be  lo  (14,250).  However,  in 
the  case  of  bridges  of  exceptional  span,  a  harder  metal  should  be  sought 
by  exerting  greater  care,  at  the  time  of  manufacture,  in  the  selection  of 
the  material,  and  while  the  bridge  is,  being  erected." 

In  a  descriptive  list  of  foreign  bridges  given  in  connection  with  this 
report  the  quality  of  material  where  given   was   as   follows: 

Ultimate  strength  Elongation 

England —                                                       per  sq.  in.  per  cent. 

London  and  South  Western  Railway.  ..  .Generally  mild  steel  only  is  used. 

Great  Western  Railway 58,000  to  67,000  0.20 

Austria-^ 
Government  regulations  of  January,  1892     50,000  to  64,000        0.28  to  0.22 

Bavaria — 
Management  regulations  of  October,  1899    52,625  to  62,600        0.20 

Belgium — 
Northern   of   Belgium  Lines 60.000  0.22 

Bulgaria — 
State  Railways 52.625  to  62,582        0.20 

France — 
Government  regulations  of  Aug.  29,  1891     60,000  0.22 

Italy- 
Southern   Railway   Company   and   Medi- 
terranean   Railway    54.ooo  to  65,400        0.24  to  0.20 

Portugal — 
Government  regulations  of  Feb.   i,    1897    51,200  0.25 

Prussia — 
State    Railways    55,470  to  64,000        0.20 

Roumania — 
•  State    Railways    52,625  to  64,000        0.21 

Russia — 
Government  regulations  of  Aug.  25,  1888    50,000  to.  64,000        0.20 

Servia — 
State    Railways    60,000  0.22 

Switzerland — 
Government  regulations  of  Aug.  19,  1892.     51,200  to  64,000        0.25  to  0.20 

Opposite  page  174  of  the  Proceedings  of  our  Association  for  19CI 
may  be  found  the  practice  of  41  American  users  of  steel,  32  of  whom  are 
railroads.  On  page  2y/  of  the  Pr(_)ceedings  for  1902  there  is  a  schedule 
which  further  illustrates  American  practice. 
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MODERN  DEVELOPMENTS  IN   THE  PRODUCTION   OF  OPEN- 
HEARTH  STEEL.* 

BY  JAMES  CHRISTIE. 

Chief  Engineer  Pencoyd  Iron   Works,   Pencoyd,  Pa. 

All  malleable  forms  of  iron  and  steel  as  now  produced  in  commercial 
processes  are  made  from  the  products  of  the  blast  furnace ;  that  is,  they 
are  all  produced  from  cast  iron.  Former  methods  of  producing  malleable 
metal  direct  from  the  ore,  which  lingered  until  recent  date  from  the 
earliest  recorded  times,  are  now  practically  extinct.  There  are  three  ex- 
isting commercial  methods  for  refining  cast  iron  and  producing  the 
malleable  product — viz.,  the  puddling  or  boiling  process,  the  Bessemer 
process,  and  the  open-hearth  process.  By  these  three  processes, 
in  a  commercial  sense,  all  the  malleable  forms  of  iron  are  now 
made,  and  of  the  entire  products  of  the  blast  furnaces,  now  aggregating 
about  one  and  a  half  million  tons  per  month  in  this  country,  about  one- 
half  passes  through  the  Bessemer  converter.  Over  one-fourth  of  the  total 
product  passes  through  open-hearth  furnaces,  and  three-fourths  of  the 
whole  open-hearth  product  is  made  in  basic-lined  furnaces,  the  other  fourth 
being  produced  from  acid-lined  furnaces,  the  latter  being  the  original  form 
of  the  open-hearth  furnace  as  at  first  perfected. 

During  the  reduction  of  iron  ores  in  the  blast  furnace  the  metal  is 
associated  with  numerous  metalloids,  which  are  generally  derived  from  the 
original  ores.  The  most  important  of  these,  or  those  that  are  frequently 
dealt  with  in  ordinary  chemical  analyses,  are  carbon,  silicon,  manganese, 
phosphorus,  and  sulphur.  The  pig  metals  desirable  in  ordinary  basic 
open-hearth  practice  will  average  in  chemical  composition  about  as  in  the 
first  column  of  figures  in  the  following  table : 

, Per  cent . 

Carbon 3.5    to  4  O.l    to  0.3 

Silicon 0.5    to  1  

Manganese 0.0    to  0.5       0.4    to  0.6 

Phosphorus 0.5    to  1  0.04  to  0.08 

Sulphur 0.05  to  0  1       0.04  to  0.08 

It  is  desired  to  eliminate  the  metalloids  in  the  original  pig,  and  for  the 
production  of  steel  having  qualities  suitable  for  ordinary  structural  pur- 
poses, the  metalloids  should  be  reduced  to  the  percentages  given  in  the 
second  column  above.  Carbon,  silicon,  and  manganese,  having  a  high 
afiinity  for  oxygen,  at  high  temperatures  are  readily  removed  from  the 
metal  by  the  oxygen  of  the  atmosphere.  Phosphorus  and  sulphur,  how- 
ever, have  a  strong  affinity  for  the  iron,  and  they  cannot  be  removed  by 
atmospheric  oxidation.  Moreover,  as  they  are  acids  in  a  chemical  sense — 
that  is,  they  form  acid  compounds  when  oxidized — it  is  neces- 
sary to  expose  them,  when  at  a  high  temperature,  to  the 
action  of  lime,  or  other  powerful  mineral  bases  that  have  such  an  active 
affinity  for  them  as  to  pull   them  awaj'  from  their  association   with  the 

*A   paper  read  before   the   Engineers'  Club  of  Philadelphia  and  published  in  its 
"Proceedings"  for  July.  1902. 
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iron.  Until  a  recent  period  the  refractory  linings  of  our  furnaces  were 
made  of  silicious  materials  which  were  also  acids  in  a  chemical  sense, 
and  it  was  impossible  to  use  the  powerful  mineral  bases  in  this  form  of 
furnace  without  fluxing  and  destroying  the  lining  of  the  furnace.  Conse- 
quently, in  the  original  acid  furnace  it  was  necessary  to  use  only  such 
metals  as  were  sufficiently  low  in  phosphorus  and  sulphur  to  yield  a  satis- 
factory finished  product. 

The  large  majority  of  our  iron  ores  contain  considerable  proportions 
of  these  objectionable  elements.  As  the  necessity  of  working  these  ores 
became  pressing,  it  resulted  in  the  development  of  the  basic  furnace — that 
is,  a  furnace  whose  refractory  linings  were  mineral  bases — and  these  are 
usually  either  magnesite  or  dolomite,  the  latter  a  compound  of  lime  and 
magnesia.  The  use  of  these  basic  linings  permits  of  the  addition  of  large 
quantities  of  lime  to  the  molten  metal,  and  also  permits  of  much  larger 
additions  of  oxides  of  iron,  such  as  ore,  mill  scale,  etc.,  than  could  be 
tolerated  in  the  acid-lined  furnace.  By  the  use  of  these  reagents  the  excess 
of  phosphorus  and  to  some  extent  that  of  the  sulphur  can  be  reduced 
and  permits  the  utilization  of  large  quantities  of  ores  that  could  not  other- 
wise be  handled,  with  a  resulting  product  of  unquestionable  excellence  if 
the  process  is  properly  carried  out. 

The  higher  the  percentage  of  the  metalloids,  especially  carbon  and 
silicon,  associated  with  cast  iron,  the  lower  the  melting  point  will  be,  and 
the  lower  the  specific  gravity  of  the  metal ;  and  also,  in  a  general  sense, 
the  metal  is  softer  and  has  a  lower  tensile  strength.  As  we  eliminate  the 
metalloids  the  temperature  of  the  melting  point  is  elevated  and  the  specific 
gravity  is  increased,  until  we  approach  the  condition  of  pure  metallic  iron, 
when  the  melting  point  and  specific  gravity  will  be  maximum.  When  all 
the  silicon  and  a  little  over  half  the  carbon  usually  present  in  the  pig  iron 
are  removed,  the  metal  approaches  the  condition  of  high-carbon  steel,  when 
the  tensile  strength  is  maximum.  As  the  carbon  is  still  further  removed, 
the  tensile  strength  lowers,  but  the  ductility  of  the  metal  is  increased.  A 
large  proportion  of  steel  used  for  structural  purposes  at  the  present  time 
is  basic  process  open-hearth  steel,  having  a  tensile  strength  averaging 
about  60,000  lbs.  per  sq.  in.  of  section  and  containing  from  o.i  to  0.3  per 
cent  of  carbon. 

Briefly,  then,  the  action  of  refining  cast  iron  consists  in  reducing  the 
carbon  content  to  the  desired  point,  which  is  done  either  by  removing  al- 
most entirely  the  whole  original  content  and  adding  sufficient  to  bring  it 
to  the  requisite  standard,  or  else  maintaining  the  desired  proportion  of  the 
original  carbon.  The  silicon  is  all  oxidized  and  sometimes  a  small  per- 
centage restored  for  specific  purposes.  The  manganese  is  readily  removed 
by  the  oxygen  of  the  atmosphere,  and  a  considerable  proportion,  usually 
from  0.4  to  0.6  per  cent,  has  to  be  restored,  as  the  presence  of  manganese  is 
necessary  as  a  general  corrective,  and  steel  of  a  satisfactory  quality  is  not 
made  either  by  the  Bessemer  or  by  the  open-hearth  process  without  the 
addition  of  manganese.     Phosphorus  and  sulphur  are  removed  as  far  as 
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possible.  These  constituents  cling  very  tenaciously  to  the  metal,  and,  as 
their  presence  above  very  minute  percentages  is  very  objectionable,  their 
elimination  is  one  of  the  most  difficult  problems  the  metallurgist  has  to 
deal  with. 

COMPARISON  OF  THE  PUDDLING  AND  OPEN-HEARTH   PROCESSES. 

It  will  be  observed  that  the  low-carbon  steel  now  used  so  extensively 
for  structural  purposes  has  a  very  high  melting  temperature,  and  the  manu- 
facture of  this  metal  has  been  rendered  practicable  by  the  development  of 
furnaces  in  which  the  necessary  high  temperatures  can  be  produced  and 
maintained.  In  fact,  this  is  the  essential  distinction  between  the  puddling 
process  and  its  successor,  the  open-hearth  furnace  and  process.  In  the 
former,  as  the  metalloids  are  removed  by  oxidation,  the  separated  metallic 
iron  is  never  at  a  high  enough  temperature  to  be  in  the  molten  condition. 
It  is  simply  a  pasty  mass  of  open  iron  sponge  which  is  welded  together. 
Therefore  the  refining  of  iron  as  performed  in  the  puddling  furnace  is  a 
process  of  welding  or  agglutination,  and  the  metal  is  handled  in  the  solid 
condition,  whereas  in  the  open-hearth  furnace  it  is  a  fusion  process  and  the 
metal  is  produced  from  the  furnace  in  a  molten  condition. 

We  might  very  briefly  review  the  development  of  the  puddling  furnace, 
as  there  is  a  very  close  analogy  between  this  and  modern  developments  in 
the  open-hearth  furnace.  About  a  century  ago,  when  the  puddling  furnace 
was  in  its  primitive  form,  the  metal  was  treated  in  a  furnace  hearth,  whose 
sides  and  bottom  were  of  silicious  materials,  in  many  respects  comparable 
in  a  humble  way  to  the  acid  open-hearth  furnace.  With  this  original  type 
-of  puddling  furnace  no  metals  except  those  of  the  highest  grade — that  is, 
free  from  objectionable  trietalloids — could  be  handled,  nor  could  any 
reagents  of  a  basic  character  be  used  in  the  furnace.  Early  in  the  last 
century  the  puddling  furnace  developed  to  a  higher  stage.  The  bottom 
was  formed  of  iron  plates,  protected  by  a  coating  of  oxide  of  iron  cinder, 
and  the  walls  of  the  hearth  were  protected  with  non-silicious  materials. 
This  was  a  distinct  advance  in  the  art,  and  the  process  was  usually  asso- 
ciated with  a  preliminary  refinery  treatment,  which  removed  a  large  part 
of  the  carbon  and  silicon  and  facilitated  the  final  treatment  in  the  puddling 
furnace.  It  was  not  the  custom  to  use  large  quantities  of  oxides  of  iron, 
and  the  slag  produced  being  small  in  quantity,  it  was  subsequently  custom- 
ary to  denote  this  process  by  the  term  of  dry  puddling.  Toward  the  mid- 
dle of  the  century  a  further  development  took  place.  The  walls  or  jambs 
of  the  furnace  were  built  of  high-grade  iron  ore  and  large  quantities 
of  iron  ore  and  mill  scale  or  other  suitable  oxides  of  iron  were  added  to  the 
charge,  resulting,  when  the  proper  temperature  was  reached,  in  a  very 
active  reaction  or  boil,  with  the  separation  and  discharge  of  considerable 
-quantities  of  slag.  It  was  customary,  therefore,  to  term  this  process  "boil- 
ing," and  the  workmen  in  some  places  were  called  "boilers."  in  con- 
tradistinction to  the  old  form  of  dry  puddling. 

The  essential  distinction  was  that  in  the  former  process  more  reliance 
was  placed  upon  the  atmosphere  as  an  oxidizing  agent,  and  in  the  latter 
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the  oxides  of  iron,  added  to  the  charge,  formed  the  oxidizing  agents,  with 
distinct  economical  advantages  in  reduction  of  labor,  improvement  in 
quality  of  product  and  in  the  yield  of  product,  inasmuch  as  the  waste  of 
metal  from  atmospheric  oxidation  was  fully  compensated  by  the  addition 
of  metallic  iron  recovered  from  the  oxides.  This  final  development  of 
the  puddling  furnace  was  a  basic  process ;  in  fact,  it  was  quite  common  in 
certain  districts  to  add  considerable  proportions  of  lime  compounds  to  the 
charge,  as  a  dephosphorizing  agent.  The  further  developr'ent  of  the  pud- 
dling process  as  a  mechanical  operation  was  arrested  by  the  rapid  in- 
troduction and  growth  of  the  open-heartji  furnace  and  the  displacement  of 
puddled  iron  by  Bessemer  and  open-hearth  steel. 

THE  BASIC  PROCESS. 

The  introduction  and  development  of  the  open-hearth  furnaces  were 
coincident  with,  or  succeeded  very  closely,  the  Bessemer  process.  It  has 
now  had  a  commercial  existence  of  a  little  over  thirty  years.  For  about 
half  this  period  operations  were  confined  entirely  to  the  acid  process — 
that  is,  a  furnace  whose  linings  were  of  a  silicious  character.  When  it  is 
remembered  that  there  are  but  few  deposits  of  ores  that  do  not  carry 
higher  proportions  of  phosphorus,  and  frequently  sulphur,  than  can  be 
tolerated  in  the  finished  metal,  and  that  the  phosphorus  content  of  the 
original  ores  will  be  largely  found  in  the  final  product  of  acid  process 
steel,  it  can  be  readily  understood  why  strong  incentives  existed  for  a 
furnace  lining  that  would  permit  the  addition  of  basic  material  to  the 
metallic  charge.  The  desired  lining  material  was  found  in  magncsite  and 
dolomite,  and  the  former  especially  has  taken  precedence  as  the  most 
suitable  refractory  for  basic  furnace  linings. 

As  the  basic-lined  furnace  was  improved  and  developed  and  the 
necessary  refractories  produced  in  better  shape  for  prolonged  endurance, 
it  became  customary  to  increase  the  additions  of  lime  and  oxides  of  iron 
in  the  charge,  just  as  obtained  with  the  final  development  of  the  puddling 
furnace.  This  resulted  in  very  active  boils  or  reaction  in  the  furnace, 
accompanied  by  the  separation  of  large  quantities  of  frothy  slag,  w^hich 
greedily  absorbed  the  carbon,  silicon,  and  manganese  in  the  original  pig 
iron,  and  also,  but  more  slowly,  absorbed  the  phosphorus  and  a  part  of  the 
sulphur. 

It  was  soon  found  to  be  desirable  to  separate  the  impure  slag  thus 
created  from  the  bath  of  metal — first,  as  a  necessity  on  account  of  its  bulk ; 
second,  to  remove  it  as  a  covering  from  the  metallic  iron,  leaving  the  latter 
more  fully  exposed  to  heat  influences :  third,  to  permit  the  addition  of 
fresh  basic  charges  as  the  original  slag  had  become  partly  satisfied  with 
the  impurities  that  it  had  so  greedily  absorbed. 

IMPROVEMENTS   IN    THE  OPEN-HEARTH    PROCESS. 

Rolling  and  tilting  furnaces  are  now  extensively  used  and  are  favored 
under  certain  conditions,  or  for  the  purpose  of  facilitating  special  methods 
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of  working.  The  following  advantages  are  claimed  for  the  rolling 
furnace :  A  portion  of  the  charge  can  be  tapped  if  desired.  The  slag  can 
be  retained  or  prevented  from  entering  the  ladle.  The  excess  of  impure 
slag  can  readily  be  tapped  off  before  the  heat  is  finished.  The  hottest 
metal  at  the  surface  of  the  bath  being  drawn  first,  some  maintain  the 
mixture  in  the  ladle  is  more  uniform  than  when  tapped  from  the  fixed 
furnace.  The  objections  to  this  form  of  furnace  are  the  greater  first  cost 
and  the  somewhat  greater  expenditure  for  maintenance  and  repair. 

The  principal  objection  to  the  open-hearth  furnace  is  that  the  process 
is  a  tedious  one,  and  the  efforts  of  the  manufacturer  have  been  devoted 
to  expediting  the  process  to  obtain  larger  products  in  a  given  time  and 
economize  the  production.  Numerous  experiments  have  been  made  by 
charging  liquid  metal  either  direct  from  the  blast  furnace  or  the  cupola 
or  metal  partially  purified  in  the  Bessemer  converter.  Until  a  recent  period 
none  of  these  experiments  have  been  entirely  satisfactory.  By  using  liquid 
cast  iron  with  the  ordinary  process,  the  refining  has  not  been  facilitated  so 
much  as  was  anticipated,  for  it  will  be  remembered  that  there  is  some 
refining  action  before  fusion  occurs  when  the  metals  are  charged  cold. 
Furthermore,  there  was  erosion  of  the  bottoms  if  liquid  metal  was  poured 
into  an  empty  furnace.  This  difficulty  was  augmented  when  partially 
blown  Bessemer  metal  was  used,  inasmuch  as  it  was  both  heavier  and 
hotter  than  liquid  cast  iron.  It  was  also  found  that  the  elimination  of 
phosphorus  in  the  open-hearth  furnace  was  very  slow  and  tedious  when 
Bessemer  metal  w^as  charged,  as  the  phosphorus  seems  to  cling  more 
tenaciously  at  high  than  at  low  temperatures.  Nevertheless,  in  the  final 
development  of  the  basic  open-hearth  furnace  liquid  cast  iron  is  largely 
used,  and  the  general  features  of  the  various  methods  practiced  might 
be  roughly  described  as  follows : 

The  modern  methods  for  expediting  the  process  of  refining,  though 
varying  much  in  the  details,  in  a  general  sense  consist  in  charging  in  the 
basic  furnace  large  masses  of  molten  iron  with  liberal  additions  of  oxides 
of  iron,  such  as  ore,  mill  scale,  etc.,  together  with  suitable  additions  of 
lime  or  dolomite.  These  additions  form  a  highly  basic  slag,  which  rapidly 
absorbs  the  bulk  of  the  metalloids  in  the  cast  iron.  An  active  boil  or 
reaction  now  occurs,  and  the  large  mass  of  slag  thus  created  and  par- 
tially saturated  with  impurities  is  then  separated  from  the  partly  refined 
iron,  and  the  latter,  separated  from  the  impure  slag,  is  then  boiled  down 
and  treated  in  the  usual  way  to  the  required  condition.  The  chief  dis- 
tinction in  modern  open-hearth  practice,  as  compared  to  former  methods, 
consists  in  the  larger  use  of  liquid  metal,  and  in  the  larger  quantities  of 
solid  oxides  used  as  reducing  agents.  The  use  of  the  latter,  of  course,  is 
only  possible  in  the  basic-lined  furnace.  The  use  of  solid  oxides  instead 
of  the  atmospheric  oxygen  not  only  prevents  a  waste  of  iron  that  would 
otherwise  occur,  but  in  fact  augments  the  product  of  iron  delivered  from 
the  furnace  by  the  transfer  of  a  portion  of  the  metal  in  the  ore  to  the 
metallic  charge.  It  is  common  practice  now  to  draw  from  the  furnace, 
in  refined  metal,  full  weight  of  the  crude  metal  charged ;  in  fact,  frequently 
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several  per  cent  in  excess  of  the  charge  is  produced  from  the  furnace.  It 
will  be  observed  that  there  is  a  very  close  analogy  between  this  operation 
and  that  of  the  most  highly  developed  stage  of  the  puddling  process. 
There  are  several  specific  processes  now  frequently  quoted,  the  most 
prominent  being  the  Bertrand-Thiel  process,  the  Talbot  process,  and  the 
Monell  process. 

BERTRAND-THIEL    PROCESS. 

This  process  originated  at  Kladno,  Bohemia,  in  1894-95.  Two  basic- 
lined  open-hearth  furnaces  are  used,  one  being  a  primary  or  rough  refining 
furnace  and  the  second  a  finishing  furnace.  Into  the  primary  furnace  is 
charged  pig  iron,  preferably  molten  blast-furnace  metal,  and  sometimes 
a  small  portion  of  scrap,  if  desired,  together  with  a  liberal  addition  of  ore, 
or  other  oxides  of  iron  and  limestone.  Into  the  finishing  furnace  is 
charged  scrap  and  sometimes  additions  of  pig,  with  a  small  quantity  of 
limestone  and  ore.  In  a  general  way,  the  most  impure  materials  are 
charged  into  the  primary  furnace  and  the  purest  materials  into  the  sec- 
ondary furnace. 

The  primary  furnace  is  heated  for  about  three  hours,  when  the  highly 
basic  slag  absorbs  most  of  the  silicon  and  carbon,  and  the  other  metalloids 
are  considerably  reduced.  The  finishing  furnace  is  charged  later  than  the 
primary,  and  its  contents  brought  to  a  pasty  or  molten  condition.  The 
primary  furnace  is  then  tapped  and  its  metallic  charge  run  into  the  finishing 
furnace,  all  of  the  slag  of  the  primary  being  retained  or  skimmed  off. 
When  the  two  metals  mix  in  the  finishing  furnace,  a  rapid  reaction  ensues 
for  about  a  quarter  of  an  hour,  when  the  phosphorus  content  is  then  gen- 
erally reduced  to  a  satisfactory  minimum.  The  heat  is  then  finished  by 
additions  of  ferro-manganese  or  spiegel  and  tapped  in  the  usual  way.  The 
metallic  charges,  as  in  all  processes  of  this  kind,  depend  upon  the  relative 
values  of  pig  and  scrap.  When  scrap  is  dear,  none  is  charged  into  the 
primary,  or  vice  versa ;  or  the  charge  of  the  secondary  may  contain  no  pig. 

The  general  theory  of  this  process  is  to  perform  the  rough  work  on 
the  most  impure  materials  in  a  separate  furnace  and  to  prevent  the  im- 
pure slag  thus  created  from  affecting  the  rapid  finishing  of  the  partly 
purified  metals  in  the  secondary  furnace.  Recent  reports  upon  this  pro- 
cess, operating  with  two  furnaces  of  15  tons  capacity,  show  an  average 
product  of  eight  heats  per  day  from  the  combined  furnaces,  or  48  heats 
per  week,  or  an  average  product  of  about  720  tons  per  week.  Blast- 
furnace metal  of  the  following  composition  : 

('.  rhos.  Si,  i\lii. 

3.0  1.5  1  U.4 

when  run  out  of  the  primary  furnace,  is  refined  as  follows: 

C.  Phos.  Si.  Mn. 

2 .4    0.10  to  0 .  20      t  racf  t  race 

The  ore  charged  contains  about  65  per  cent,  metallic  iron  and  is  ap- 
proximately about  one-fourth  the  weight  of  the  metallic  charge,  and  lime- 
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stone  about  lo  per  cent,  of  the  metallic  charge;  spiegel  and  ferro-man- 
ganese,  about  2.5  to  3  per  cent,  of  the  metallic  charge.  Over  one-half  of 
the  sulphur  content  of  the  metal  is  usually  removed  in  the  process.  There 
is  a  large  discharge  of  slag  from  the  primary  furnace  which  usually  con- 
tains considerable  phosphoric  acid  and  is  valuable  as  a  fertilizer.  It  is 
claimed  that  by  this  process  the  fuel  and  limestone  and  refractories  are 
somewhat  reduced,  as  compared  to  the  older  method,  and  the  output  in- 
creased over  the  ordinary  single  furnace  method  about  70  per  cent.  The 
process  seems  to  be  especially  advantageous  when  very  impure  materials 
have  to  be  treated. 

TALBOT  PROCESS. 

A  rolling  furnace  of  large  capacity  is  desirable.  Furnaces  of  70  to  100 
tons'  capacity  are  now  in  use ;  one  of  200  tons'  capacity  is  ready  for  opera- 
tion, and  even  larger  furnaces  are  considered.  The  initial  charge  having 
been  boiled  down  to  a  finish  in  the  usual  way,  a  steel  cast  of  one-fourth 
or  more  of  the  total  charge  is  made,  the  slag  being  retained  in  the  furnace. 
After  pouring,  a  charge  of  solid  oxides  of  iron,  such  as  ore  or  mill  scale, 
or  heating  furnace  cinder,  is  added  and  melted ;  also,  an  addition  of 
limestone,  and  through  this  highly  basic  slag  the  fresh  charge  of  molten 
iron  is  poured.  A  very  active  ebullition  or  reaction  follows  for  a  period  of 
10  or  15  minutes,  during  which  almost  all  the  silicon  and  a  portion  of  the 
other  metalloids  are  oxidized  or  taken  up  by  the  slag  from  the  molten  iron. 
A  large  part  of  the  slag  thus  created  is  drawn  off.  Fresh  additions  of 
oxide  of  iron  and  lime  are  charged  and  the  whole  charge  worked  down 
to  finished  steel  in  the  usual  wa^.  Then  a  portion  of  this  finished  steel 
is  cast  as  before  and  the  process  repeated  continuously.  From  a  furnace 
of  70  tons'  capacity,  metal  charges  and  steel  casts  of  20  to  30  tons  are 
made,  with  a  product  of  over  thirty  20-ton  heats,  or  about  650  tons  per 
week.  This  is  made  from  pig  iron  having  the  following  average  composi- 
tion: 

C.  Si.  Sulph.  Phos.  Mn. 

3.7  1  0.06  0.90  0.40 

With  the  above  amount  of  molten  pig  per  week  will  be  used  about 
80,000  lbs.  iron  ore,  10,000  lbs.  manganese  ore,  120,000  lbs.  of  cinder  and 
scale,  100,000  lbs.  of  limestone,  and  5,000  lbs.  of  ferro-manganese  and 
silico-spiegel,  the  average  results  being  106  per  cent,  yield,  or  6  per  cent, 
more  steel  product  than  the  weight  of  the  pig  metal  charged.  This  pro- 
cess is  best  adapted  for  handling  pig  metal  alone.  Scrap  can  be  passed 
through  the  cupola,  if  a  cupola  is  used  for  melting,  and,  if  desired,  pre- 
heated scrap  could  be  charged. 

MONELL  PROCESS. 

By  this  process  either  pig  and  ore  or  pig  and  scrap  can  be  used,  as  de- 
sired. Limestone  and  a  large  quantity  of  iron  ore  are  charged  on  the 
hearth  of  a  basic  furnace,  and  the  charge  heated  until  it  is  pasty  or  nearly 
fused.     On  this  heated  material  is  poured  the  full  charge  of  the  furnace  of 
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molten  iron.  A  rapid  reaction  occurs  and  the  impure  slag  thus  created 
is  tapped  off  at  a  suitable  cinder  notch.  In  about  an  hour  the  bath  is 
nearly  free  from  silicon  and  manganese,  and  the  carbon  of  the  pig  metal  is 
reduced  about  one-half.  About  three-quarters  of  the  slag  thus  created 
being  removed,  the  heat  is  then  boiled  down  to  a  finish  with  small  addi- 
tions of  ore  and  lime  in  the  usual  way.  Blast-furnace  iron  of  the  follow- 
ing composition  is  found,  after  the  initial  reaction  takes  place,  to  have  the 
composition  hereafter  shown : 

C.         I'hos.         Si.         iMn.         Sulph. 

Blast-furnace  metal 4.00     O.OoO      0.71)     0.85  0.06 

After  reaction 2.25     0.04        0.00      0.00  0.04 

From  a  fixed  furnace  of  40  tons'  capacity,  17  heats  per  week  are  pro- 
duced, or  a  period  of  eight  or  nine  hours  per  heat  is  required,  being  a  total 
of  690  tons  per  week.  The  average  yield,  or  gain  in  steel  over  pig  metal 
charged,  is  102  per  cent.  It  is  claimed  to  be  desirable  to  work  the  metal 
at  as  low  a  temperature  as  it  will  slag  properly  to  facilitate  the  removal 
of  the  phosphorus.  When  the  temperature  is  high,  the  phosphorus  clings 
to  the  metal  and  boils  out  slowly  with  the  carbon,  whereas  at  a  lower 
temperature,  phosphorus  leaves  before  the  carbon.  In  a  40-ton  furnace 
the  usual  preliminary  charge  is  67,000  lbs.  of  limestone,  with  about  24,000 
lbs.  of  hematite  ore,  or  a  portion  of  its  equivalent  of  mill  scale.  These  are 
heated  for  an  hour  and  a  half,  until  the  ore  is  nearly  fused.  About  88,000 
lbs.  of  liquid  metal  are  then  charged.  The  boil  or  reaction  occurs  at  once 
and  the  impure  slag  is  drawn  off  within  an  hour,  and  a  small  charge  of 
ore  and  lime  is  then  addded  and  the  metal  finished  in  the  usual  way. 


II.— REAMING  AND   CONSIDERATIONS   PERTAINING 
TO  THE  STUDY  OF  UNIT  STRAINS. 

REAMING. 

It  is  the  intention  of  the  Committee  on  Iron  and  Steel  Structures  to 
make  a  series  of  experiments  to  determine  the  safe  limit  of  plain  punch- 
ing and  the  amount  of  reaming  needed  to  remove  the  injured  metal  when 
the  said  safe  limit  has  been  passed. 

The  following  compilation  of  published  and  unpublished  information 
on  this  subject  has  been  compiled  during  the  past  year  as  preliminary  to 
these  experiments.  It  is  hoped  that  before  another  formal  report  is  made 
by  the  Committee  to  the  Association,  reliable  information  from  our 
own  experiments  can  be  presented  as  to  the  safe  limits  of  plain  punching 
and  shearing  of  our  regular  grade  of  bridge  steel  as  manufactured  at 
present. 

On  the  subject  of  reaming  the  Committee  desires  to  present  a  progress 
report.  The  study  of  the  subject  has  been  begun  by  compiling  all  the 
important  experiments  that  were  available  and  by  ascertaining  to  some 
extent  the  present  practice  of  various   railroads  and  the  personal   views 
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of  individuals.  It  is  intended  to  supplement  this  work  in  the  future  with 
carefully  made  experiments  on  the  grade  of  steel  which  may  be  recom- 
mended by  the  Association. 

The  benefit  expected  to  be  obtained  by  reaming  structural  work  is 
twofold,  viz.,  to  remove  the  metal  injured  by  the  punch  and  to  improve 
the  fit  of  punched  holes. 

A  difference  of  opinion  seems  to  exist  as  to  the  nature  of  the  injury 
caused  by  the  punch ;  whether  it  is  due  to  minute  cracks  or  to  compression 
of  the  metal.  The  effects  of  annealing  punched  specimens  as  presented  by 
Mr.  Heisler,  and  the  annealing  of  annular  rings  from  punched  holes  by 
M.  Barba  seem  to  show  that  cracks  are  not  present  to  a  damaging  extent, 
though  many  have  held  the  contrary  view,  as,  for  instance,  A.  C.  Cunning- 
ham, in  his  letter  quoted  below.  While  Mr.  Cunningham  clings  to  the 
idea  of  incipient  cracks,  he  also  speaks  of  the  effect  of  annealing,  and 
advances  an  interesting  theory  that  possible  actual  service  of  a  bridge 
has,  to  some  extent,  an  annealmg  effect.  There  is  no  doubt  but  the  harder 
grades  of  steel  crack  under  the  punch  at  times,  but  the  cracks  usually 
extend  to  the  edge  of  the  piece,  and  the  only  remedy  is  to  throw  the  piece 
on  the  scrap  pile  and  get  a  new  one.  This  is  especially  the  case  with 
Bessemer  steel  between  60,000  and  70,000  pounds  ultimate  strength.  A 
notable  example  of  this  is  described  by  Mr.  Schneider  in  the  following 
pages.  On  the  softer  grades  it  appears  that  the  punch  has  the  same  effect 
as  cold  working  of  any  kind.  It  forces  the  molecules  of  the  steel  closer 
together  on  the  die  side  of  the  punched  piece.  This  will  raise  the  elastic 
limit  as  well  as  the  ultimate  strength  of  the  parts  affected,  while  it  will 
not  necessarily  change  the  modulus  of  elasticity.  If  this  is  the  case  (that 
the  modulus  of  elasticity  is  unchanged),  then  the  affected  parts  around 
the  hole  take  only  their  proper  part  of  the  strains,  if  these  strains  are 
within  the  elastic  limit  of  the  soft  steel  away  from  the  hole.  If  these 
strains  go  above  the  elastic  limit  of  the  soft  steel,  this  will  commence 
to  yield,  throwing  a  proportionately  larger  strain  on  the  harder  steel  around 
the  hole.  The  elastic  limit  will  then  soon  be  reached  for  the  harder 
steel.  If  the  strains  are  gradually  increased,  the  softer  steel  as  well  as 
the  harder  will  elongate,  but  as  the  softer  steel  will  elongate  more  than 
the  harder,  the  strains  will  be  higher  in  the  harder  steel  than  in  the 
softer  and  will  finally  reach  the  breaking  point  before  this  point  has  been 
reached  in  the  softer  steel.  As  all  tests  have  been  tests  to  destruction,  it 
is  plain  that  the  material  should  start  giving  away  at  the  rivet  holes,  if  the 
above  reasoning  is  correct.  In  our  structures  the  strains  should  be  well 
below  the  elastic  limit,  and  there  is  no  reason  to  beheve  that  cutting  away 
the  hardened  ring  around  the  punched  hole  will  in  any  way  strengthen 
the  piece  as  long  as  it  is  subject  to  these  strains  only.  The  hot  rivets 
have  a  tendency  to  anneal  the  steel  around  the  holes,  and  it  would  be 
interesting  to  know  how  far  its  effect  extends.  The  damage  appears  to  be 
wholly  on  the  die  side  of  the  piece  punched,  and  as  this  is  the  location  of 
the  most  severe  compression,  it  seems  reasonable  to  suppose  that  the 
damage  inflicted  by  the  punch  consists  largely  of  the  compressive  action 
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of  the  die.  The  removal  of  a  very  slight  amount  of  material  appears  to 
be  sufficient,  but  it  must  be  done  before  the  parts  are  assembled,  as  experi- 
ence shows  that  very  many  holes  will  have  only  one  side  reamed  if  done 
after  assembling.  For  improving  6ts,  reaming  must  be  done  after  assem- 
bling, and  if  both  of  the  benefits  stated  above  are  desired,  double  reaming 
as  specified  by  a  very  few  engineers  must  be  resorted  to. 

All  of  the  reaming  described  in  the  following  experiments  was  done 
on  test  specimens  and  was  of  course  uniform  all  around  the  punched  cir- 
cumference, and  therefore  does  not  correctly  represent  the  conditions 
existing  when  single  reaming  after  assembling  is  done. 

No  conclusions  or  recommendations  are  offered,  as  the  work  of  the 
Committee  on  this  subject  is  not  yet  completed. 

SUMMARY  OF  EXPERIMENTS  ON  THE  EFFECT  OF  PUNCHING 
AND  REAMING  IN  STEEL. 

EXPERIMENTS   BY   J.    BARBA. 

Among  the  earliest  experiments  which  have  come  to  the  notice  of  the 
writer  are  those  by  J.  Barba,  a  French  investigator,  whose  work,  trans- 
lated into  English  by  Alexander  Holley,  under  the  title,  "The  Use  of 
Steel  for  Construction  Purposes,"  was  published  by  Van  Nostrand  in  1875. 

These  experiments  were  made  with  steel  from  the  Terre  Noire  Works, 
which,  so  far  as  can  be  made  out,  had  an  ultimate  strength  in  its 
unworked  condition  of  about  70,157  pounds  per  square  inch.  The  experi- 
ments made  by  M.  Barba  were  as  follows : 

•  (a)  The  eflfect  of  punching  metal  .27-inch  thick  with  different  sizes  of 
dies  for  the  same  punch.  This  experiment  was  tried  with  a  hole  in  the 
center  of  bars  of  different  widths.  The  result  showed  that  with  a  width 
of  specimens  of  1.24-inch,  a  diameter  of  punch  of  .66-inch,  a  diameter  of 
die  of  .76-inch,  the  ultimate  strength  was  about  60.480  pounds  per  square 
inch.  Under  the  same  conditions,  except  that  the  diameter  of  the  die  was 
.82-inch  instead  of  .76-inch,  the  strength  per  square  inch  was  71,075 
pounds.  Experiments  were  made  on  specimens  with  gradually 
increasing  width  up  to  4.75  inches.  With  this  width  and  diameter  of 
punch  of  .66-inch  and  of  die  of  .76-inch,  the  ultimate  strength  was  51.722 
pounds  per  square  inch.  Under  the  same  conditions,  except  that  the 
diameter  of  die  was  .82-inch,  the  ultimate  strength  was  53,155  pounds  per 
square  inch.     M.  Barba's  conclusions  from  these  experiments  were : 

(i)  That  the  capacity  seems  to  diminish  in  both  varieties  of  punch- 
ing as  the  width  increases. 

(2)  Conical  punching  does  not  seem  to  affect  narrow  strips,  while 
cj'lindrical  punching  always  affects  them  in  a  notable  manner. 

(3)  The  effect  of  both  modes  of  punching  seems  to  be  the  same  on 
wider  strips. 

(b)  A  number  of  tests  were  made  on  strips  cut  at  varying  dis- 
tances from  punched  holes,  both  conical  and  cylindrical,  the  result  of 
which  was  that  neither  the  stretching  nor  tenacity  was  altered  much  by 
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the  proximity  of  the  holes.  Other  experiments  showed  that  an  alteration 
in  the  elasticity  occurred  in  a  region  of  about  .058-inch  wide  surrounding 
the  punched  holes. 

(c)  A  series  of  experiments  was  made  on  metal  of  about  the  same 
width,  but  the  thickness  varying  from  .27  to  .46-inch,  in  which  the  holes 
were  either  reamed  or  drilled.  The  amount  of  metal  reamed  out  was 
varied  and  the  conclusion  reached  from  the  experiments  was,  that  with 
plates  from  .27  to  .46-inch  thick,  the  injurious  action  of  the  punch  is 
escaped  by  removing  an  annular  ring  .039-inch  thick  surrounding  the 
hole. 

(d)  To  illustrate  the  fact  that  reaming  or  annealing  removes  the 
injurious  effects  of  punching,  M.  Barba  cut  rings  about  .190-inch  thick 
from  around  holes  .66-inch  diameter,  some  punched  and  reamed  .078-inch, 
some  drilled,  from  Terre  Noire  plates  .31  and  .46-inch  thick.  These  rings 
flattened  under  the  hammer,  and  when  reopened  to  about  half  the  original 
circle   they    cracked. 

Similar  rings  taken  from  punched  holes  not  reamed  were  harder  and 
sustained  only  insignificant  deformation  before  cracking.  The  fragments 
retained  the  form  of  an  arc  of  the  original  circle.  They  were  harder  to 
cut  with  a  file  and  slightly  scratched  their  original  plate. 

Still  other  rings  of  similar  dimensions  made  with  punched  holes 
were  heated  in  a  gas  furnace  to  cherry-red  and  allowed  to  cool  without 
disturbing  and  submitted  to  the  same  test  of  deformation.  Every  one 
was  completely  flattened  and  brought  back  to  about  half  the  original 
circle.  Other  rings,  heated  in  the  same  manner,  were  cut  on  a  generating 
line  and  turned  inside  out  and  flattened,  showing  no  crack.  This  shows 
that  no  cracks  are  produced  on  edges  of  hole  by  the  action  of  punch. 

EXPERIMENTS   BY    HENRY    SHARPE. 

A  paper  by  this  writer,  read  before  the  Institute  of  Naval  Architects 
April  2,  1S68,  gave  the  results  of  six  experiments  with  steel  plates  and 
showed  that  with  %-inch  holes  in  5-16-inch  plate,  the  ultimate  strength 
was  reduced  from  about  36  tons  per  square  inch,  when  holes  were  drilled, 
to  about  24  tons  per  square  inch  if  they  were  punched. 

EXPERIMENTS    BY   A.    C.    KIRK. 

A  paper  by  this  writer,  read  before  the  Institute  of  Naval  Architects, 
Aug.  29,  1877,  showed  that  in  %-inch  steel  plates,  punched  with  holes 
from  13-16  to  I  inch  diameter,  the  strength  was  about  20  tons  per  square 
inch,  while  with  i-inch  drilled  holes  it  was  2^  tons  per  square  inch.  In 
"malleable"  iron  (wrought  iron?)  i  3-16  inches  thick,  with  holes  punched 
1%  inches  diameter,  an  ultimate  strength  of  16.26  tons  per  square  inch 
was  found,  while  with  i%-inch  drilled  holes  the  strength  was  18.58  tons 
per  square  inch.  These  experiments  showed  also  the  beneficial  effect  of 
using  a  large  clearance  in  the  die. 

^Ir.  Kirk  also  gives  two  tables  of  experiments  with  plate  ^/4-inch  thick 
perforated  with  %-inch  holes.     A  comparison  of  these  shows  that  where 
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the  diameter  of  the  hole  is  as  much  as  3  times  the  thickness  of  the 
plate,  the  plate  may  be  punched  with  impunity  and  that  annealing  pro- 
duces little  or  no  benefit. 

Another  table,  in  which  the  diameter  of  the  hole  is  2.4  times  the 
thickness  of  the  plate,  and  where  the  steel  is  harder,  shows  that  the 
punched  specimen  is  reduced  in  strength  almost  15  per  cent. 

EXPERIMENTS    OF    A.    F.    HILL. 

These  experiments  are  reported  in  the  Engineering  News  of  May  15, 
1880.  They  were  made  upon  open-hearth  steel  plates  having  ultimate 
strength  of  from  84,000  to  94,000  pounds  per  square  inch,  and  they 
showed  that  with  3-16-inch  thick  metal  punching  only  slightly  reduced 
the  ultimate  strength,  which  was  fully  restored  by  punching  and  reaming, 
and  was  not  reduced  by  plain  drilling.  With  metal  %-inch  thick,  the 
ultimate  strength,  while  increased  by  punching  and  reaming,  and  also 
by  drilling,  was  reduced  by  plain  punching  in  one  case  from  87,000  to 
69,000  pounds  per  square  inch  and  in  another  case  to  80,550  pounds  per 
square  inch.  In  the  case  of  %-inch  metal,  while  punching  and  reaming 
and  plain  drilling  increased  the  ultimate  strength,  simple  punching  reduced 
it  from  94,000  to  about  64,000  pounds  per  square  inch.  These  results,  of 
course,  do  not  seem  remarkable  considering  the  high  grade  of  the  steel. 

Another  series  of  experiments  by  Mr.  Hill  was  recorded  in  the 
Transactions  of  the  American  Institute  of  Mining  Engineers,  Vol.  11, 
p.  259,  1883.  This  was  called  "soft  ingot  steel,"  the  ultimate  strength 
of  which  ran  from  79,200  to  91,800  pounds  per  square  inch.  The  experi- 
ments were  on  thickness  of  Vi,  %  and  ^A-inch,  and  they  showed  almost 
invariably  the  results  that  might  be  anticipated,  namely,  that  punching 
reduced  the  strength  very  considerably,  particularly  in  the  thicker  speci- 
mens ;  while  if  the  punched  hole  was  reamed  .02-inch  in  radius,  the  ultimate 
strength  was  not  so  seriously  affected,  though  in  the  case  of  the  higher 
grade  steel    there  was  appreciable  reduction  in  strength  from  this  work. 

howe's   "metallurgy   of   steel." 

In  this  book  an  extensive  table  is  presented,  giving  the  result  of 
experiments  by  Kirkaldy,  Boyd,  Gatewood,  Beck-Guerhard,  White,  Parker 
and  Sharp.  The  experiments,  however,  are  more  or  less  incomplete,  often- 
times omitting  elements  which  are  essential  to  our  study. 

Experiments  by  Kirkaldy  are  on  steel  containing  .15  per  cent,  of  phos- 
phorus, the  ultimate  strength  of  which  runs  from  51,456  to  74,915  pounds 
per  square  inch.  The  effect  of  punching  seems  to  be  very  slight  except 
in  two  cases,  in  one  of  which  the  strength  is  reduced  from  55,800  to 
4.;, 200,  and  in  the  other  from  53,000  to  39,000  pounds  per  square  inch.  The 
efTect  of  plain  drilling  in  this  sample  appears  to  be  invariably  to  some- 
what increase  the  ultimate  strength,  but  no  record  is  given  of  punched 
and  reamed   work. 

One  experiment  by  Boyd  showed  a  62,720-pound  steel,  the   ultimate 
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strength  of  which  is  not  reduced  by  drilling  and  is  decreased  to  47,376 
pounds  per  square  inch  by  plain  punching. 

One  experiment  by  Gatewood  showed  a  64,200-pound  steel,  the  ulti- 
mate strength  of  which  is  increased  by  punching  and  reaming,  but  de- 
creased to  S5,ooo  pounds  per  square  inch  by  plain  punching. 

An  experiment  by  Beck-Guerhard  gives  a  65,400-pound  steel,  in  which 
punching  reduces  the  strength  to  57,400  pounds  per  square  inch,  while 
punching  and  reaming  slightly  increases  the  strength  and  plain  drilling 
slightly  decreases  it. 

Three  experiments  by  White  indicate  that  punching  reduces  the 
strength  of  72,000-pound  and  also  66,500-pound  steel,  but  does  not  seri- 
ously affect  S9,ooo-pound  steel. 

Nine  experiments  by  Parker  show  varying  results,  in  one  of  which 
6o..ooo-pound  steel  is  not  weakened  by  punching,  while  in  another  59,000- 
pound  steel  is  reduced  in  strength  to  41,900  pounds  per  square  inch.  In 
other  cases  60,600-pound  steel  has  its  strength  reduced  to  51,300,  62,500 
to  47,100,  62,500  to  54,800,  65,000  to  48,000,  66,000  to  44,000,  66,300  to 
53,900  and  71,800  to  66,000. 

WATERTOWN     ARSENAL    EXPERIMENTS,     1882,     1883. 

The  effect  of  punching  and  reaming  as  learned  from  these  experi- 
ments has  been  carefully  investigated  by  Mr.  F.  H.  Lewis  and  published 
in  a  paper  read  before  the  Engineers'  Club  of  Philadelphia,  Oct.  17,  1892. 

Mr.  Lewis  has  given  first  a  table  of  the  experiments  on  riveted  joints, 
both  single  lap  and  double  lap,  taking  all  the  specimens  that  failed  by 
tearing  the  plate,  and  he  concludes  from  these  experiments  that  the  effect 
of  punching  is  to  reduce  the  ultimate  strength  less  in  steel  than  in 
wrought  iron,  though  the  steel  used  is  a  little  softer  than  the  structural 
steel  proposed  for  specifications  at  the  present  time,  having  an  ultimate 
strength  of  from  51,545  to  57,215  pounds  per  square  inch.  There  is  reason, 
however,  for  not  relying  much  on  this  table  for  our  present  investigation, 
because  the  effect  of  driving  rivets  in  holes  is  to  more  or  less  anneal  the 
material,  and  the  result  is  somewhat  complicated  by  the  friction  pro- 
duced by  the  rivets,  which  is  an  undetermined  quantity. 

Mr.  Lewis  also  gives  a  summary  of  the  effect  of  experiments  on  bars 
with  a  rounding  notch  cut  on  each  side,  the  two  notches  coming  opposite 
each  other.  These  notches  were  made  by  either  punching  or  drilling  a 
hole  I  inch  in  diameter  and  slotting  it  out  to  the  edge.  The  steel  used 
in  these  specimens  was  of  the  same  quality  as  in  the  preceding  series  of 
tests,  that  is,  quite  soft.  Singularly  enough,  the  results  showed  in  %-inch 
metal  a  reduction  in  strength  of  punched  specimens  over  drilled  specimens 
of  about  II  per  cent.;  in  %-inch  metal  a  reduction  of  about  i  per  cent., 
while  in  %-inch  metal  the  punched  specimens  had  about  5  per  cent,  greater 
strength  than  the  drilled  specimens.  Similar  experiments  with  wrought 
iron  showed  a  reduction  in  strength  by  punching  instead  of  drilling  of 
3  to  18  per  cent.,  taking  averages  for  each  thickness. 

In  the  same  paper    Mr.  Lewis  gives  a  series  of  tests  made  under  the 
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auspices  of  the  Pittsburg  Testing  Laboratory  on  steel  with  an  uUimate 
strength  in  test  specimens  of  from  55.350  to  64,200  pounds  per  square 
inch.  Tests  were  made  on  bars  6  inches  wide,  with  three  holes  punched  on 
a  line  at  right  angles  to  the  center  line  of  the  bar  and  also  on  bars  3  inches 
wide  with  a  single  15-16-inch  hole  in  the  center.  In  the  reaming  tests 
holes  were  punched  13-16-inch  and  reamed  to  is-i6-inch.  The  result  of 
these  tests  indicates  that  in  thin  specimens  the  punching  increased  the 
ultimate  strength  over  the  specimen  tests  by  6,  7,  8,  9  and  10  per  cent. 
With  metal  %-inch  thick,  the  ultimate  strength  was  about  the  same  in  the 
punched  specimens  as  in  the  material  tests,  and  as  the  thickness  increased, 
the  strength  of  the  punched  specimens  decreased  down  to  about  74  per 
cent,  in  the  case  of  %-inch  metal.  Punched  and  reamed  specimens  in- 
variably showed  a  greater  strength  than  in  the  material  tests.  He  also 
gives  similar  tests  on  wrought-iron  samples,  which  showed  that  punched 
specimens  %-inch  thick  had  about  81  per  cent,  of  the  original  ultimate 
strength,  and  specimens  %-inch  thick  had  about  75  per  cent,  of  the  original 
Strength,  while  punched  and  reamed  specimens  of  wrought  iron  had  an 
average  of  about  93  per  cent,  of  the  original  strength.  He  also  gives 
some  tests  on  medium  and  hard  steel  with  an  ultimate  strength  of  from 
61,000  to  8r,ooo  pounds  per  square  inch,  indicating  a  considerable  reduc- 
tion of  strength  from  punching,  as  might  be  expected. 
Mr.  Lewis'  conclusions  from  the  above  tests  are : 

1.  The  thicker  the  metal  the  greater  the  injury  in  punching  steel. 

2.  The  softer  the  steel  the  less  the  injury  in  punching. 

3.  The  first  conclusion  is  the  major  factor;  the  grade  of  the  steel 
making  much  less  difference  than  the  thickness  of  the  material. 

4.  The  effect  of  riveting  is  advantageous,  increasing  the  values  of 
net  sections. 

EDGE    MOOR    BRIDGE    WORKS    TESTS,    1 884. 

F.  W.  Heisler,  Vice-President  of  the  Edge  Moor  Iron  Company,  has 
submitted  a  series  of  tests  made  in  1884,  but  which  have  never  been 
published.  The  series  was  very  complete  and  comprehensive,  and  is  of  so 
much  value  that  it  is  given  complete  in  the  table  below,  together  with 
Mr.  Heisler's  conclusions  from  the  tests. 

"I  submit  the  results  of  a  parcel  of  tests  on  soft  basic  open-hearth, 
soft  acid  open-hearth  and  soft  Bessemer  steels,  seventy-five  tests  of  each 
class,  or  a  total  of  two  hundred  and  twenty-five  tests,  taken  from  the 
material  purchased  in  the  ordinary  course  of  business  and  without  knowl- 
edge on  the  part  of  the  maker  that  the  material  was  intended  for  testing 
purposes. 

"It  will  be  noted  that  the  comparative  tests  include : 

(i)     "Original  specimen. 

(2)  "Punched  specimen. 

(3)  "Punched  and  reamed  specimen. 

(4)  "Drilled  specimen. 

(5)  "Punched  and  annealed  specimen. 
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"An  original  specimen  represents  a  section  planed  out  of  finished 
plates  2  inches  wide  by  thickness  of  material,  the  wide  surfaces  remaining 
unplaned.     A  few  general  facts  are  indicated : 

(a)  "The  soft  basic  steel  of  thicknesses  ranging  from  Vi-  to  %-incli, 
inclusive,  withstands  punching,  punching  and  reaming,  drilling,  punching 
and  annealing,  without  evidence  of  granulation,  the  fracture  in  all  cases 
being  silky. 

(b)  "The  soft  acid  open-hearth  steel,  punched  specimens,  exhibits 
silky  fractures  in  specimens  under  %-inch  thick,  but  shows  varying  per- 
centages of  granulation  in  specimens  %-inch  and  upwards. 

(c)  "The  soft  Bessemer  steel,  punched  specimens,  exhibits  silky  frac- 
ture in  specimens  under  ^/4-inch  thick  and  shows  entirely  granular  in  all 
thicknesses  %-inch  and  greater. 

"The  following  table  presents  the  average  results  of  seventy-five 
original  specimens  of  each  class  and  covers  tests  of  plates  V^,  %,  Va,  % 
and  %-inch  thick.  These  results  are  considered  as  units  in  the  com- 
parisons which  follow : 


AVERAGE    PHYSICAL    PROPERTIES    OF    SOFT    STEEL    SAMPLES. 


Kind  of  Steel 

Ultimate  Strength 
Lbs.  per  sq.  in. 

Elastic  Limit 
Lbs.  per  sq.  in. 

Reduction  of  .\rea 
Per  cent. 

Basic 

55,297 
.58,139 
62,187 

32.0.=.0 
3.5.141 
42.272 

60.3 

Acid 

56.9 

Bessemer 

51.3 

"The  physical  properties  of  the  above  classes  are  affected  by  punching 
as  follows : 


EFFECT   OF  PUNCHING  ON   PHYSICAL  PROPERTIES   OF  SOFT  STEEL. 


Kind  of  Steel 

Ultimate  Strength 
Per  cent 

Elastic  Limit 
Per  cent. 

Reduction  of  Area 
Per  cent. 

Basic 

Acid 

+    2.17 
—    5.39 
-15.16 

+  27.08  ' 
+  19.58 
+  10.09 

—  50.24 

—  51.58 

—  72.13 

"It  should  be  noted  that  the  elongation  is  not  given,  as  no  just  com- 
parison was  possible,  the  stretch  in  the  original  specimen  being  measured 
in  8  inches  while  the  stretch  in  the  punched  specimen  is  practically  limited 
to  the  diameter  of  the  hole.  The  reduction  of  area,  however,  taken  on  a 
reduced  section,  is  approximately  the  measure  of  elongation.  In  ordinary 
practice  of  testing  parallel  sides  this  would  not  be  true,  because  the  reduc- 
tion would  be  greatest  at  the  softest  point;  but  where  the  section  is 
reduced  by  punching,  the  point  of  reduction  is  fixed  and  the  average  re- 
duction of  a  lot  of  specimens  would  indicate  the  average  elongation  of 
the  same  specimens. 

"It  may  be  questioned  why  plain  punching  raises  the  ultimate  strength. 
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in  soft  basic  and  diminishes  the  ultimate  strength  in  soft  acid  and  soft 
Bessemer,  the  natural  expectation  being  that  the  ultimate  strength  should 
increase  in  each  case.  The  explanation  is  found  in  the  fact  that  the  soft 
basic  in  all  thicknesses  under  consideration  withstands  the  treatment  with- 
out injury  to  the  structure,  while  the  soft  acid  and  soft  Bessemer  show 
varying  percentages  of  granulation,  which  decreases  proportionately  the 
ultimate  strength.  The  verification  of  this  fact  is  found  in  the  thicker 
specimens  of  Bessemer,  which  were  wholly  granular  and  which  fractured 
at  the  elastic  limit. 

"The  effect  of  punching  and  reaming  shows: 

EFFECT  OF  PUNCHING  AND  REAMING  ON   PHYSICAL  PROPERTIES  OF  SOFT  STEEL. 


Kind  of  Steel 

Ultimate  Strengtti 
Per  cent. 

Elastic  Limit 
Per  cent. 

Reduction  of  Area 
Per  cent. 

Hasic 

Acid 

+  8.68 
+  5.11 
+  5.00 

+  21.46 
+  19.60 
+  14.38 

—  18.24 

—  11.86 

Bessemer. . ' 

—  26.90 

"In  soft  basic  and  soft  acid  open-hearth  steels  all  reamed  specimens 
have  silky  structures;  in  reamed  specimens  of  soft  Bessemer  steel  granu- 
lation is  apparent  in  %-inch  thickness  and  over. 

"The  eflfect  of  drilling  from  the  solid   shows: 

EFFECT   OF   DRILLING   ON   PHYSICAL  PROPERTIES    OF   SOFT   STEEL. 


Kind  of  Steel 

ntimate  Strength 
Per  cent. 

Elastic  Limit 
Per  cent. 

Reduction  of  Area 
Per  cent. 

Basic 

+  8.16 
+  4.40 
+  4.45 

+  25.66 
+  19.44 
+    6.76 

—  13.93 

Acid 

—   7.38 

Bessemer 

—  24.36 

"In  soft  basic  and  soft  acid  open-hearth  steel  all  drilled  fractures  were 
silky;  in  soft  Bessemer  steel  drilled  specimens  disclosed  granulation  in 
^inch  thickness  and  over. 

"The  effect  of  annealing  after  punching  shows : 


EFFECT    OF    ANNEALING    AFTER    PUNCHING    SOFT    STEEL. 


Kind  of  Steel 

Ultimate  Strength 
Per  cent. 

Elastic  Limit 
Per  cent. 

Reduction  of  Area 
Per  cent. 

Basic 

—  6.35 

—  7.22 

-0.28 

+  3.. 52 
+  5.13 

-4.48 

4.21 

Acid 

+  6.67 
+  3.89 

Bessemer 

"The  following  table  shows  the  average  results  of  tests  of  punched 
specimens  limited  to  the  thicknesses  which  show  no  evidence  of  granula- 
tion: 
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AVERAGE  PHYSICAL    PROPERTIES    OF   PUNCHED   SOFT   STEEL   SAMPLES   FREE  FROM 
GRANULATION    IN    FRACTURE. 


Kind  of  Steel 

Ultimate 

Strength 

Lbs.  per  sq.  in. 

Elastic  Limit 
Lbs.  per  sq.  in. 

Elongation 

in  2  in. 

Per  cent. 

Reduction  of 

-Vrea 

Per  cent. 

Basic  (15  tests) 

Acid  (11  tests) 

Bessemer  (6  tests)  . . 

56,500 
.'S7,272 
59,580 

40,730 
42.571 

44,968 

13.5 

13.86 

11.66 

30. 

31.71 

30.76 

"In  this  last  table  the  values  are  practically  identical  and  suggest 
warranty  for  use  of  these  grades  of  steel  on  an  equal  basis,  besides  dem- 
onstrating the  futility  of  any  treatment  except  plain  punching  within  the 
limits  of  thickness  which  do  not  show  granulation. 

"The  value  of  steel  for  constructional  uses  is  determined  from  speci- 
mens cut  from  the  finished  material ;  hence  it  is  self-evident  that  that 
method  of  treatment  in  manufacture  is  best  which  most  closely  preserves 
the  initial  values. 

"An  investigation  of  the  foregoing  tables  clearly  shows  that  the  values 
derived  from  punching  and  annealing  are  very  much  closer  to  the  original 
values  than  the  exhibit  by  reaming  or  drilling;  so  close,  indeed,  as  to 
v/arrant  the  assertion  that  the  initial  values  are  fully  restored. 

"Again  it  is  demonstrated  by  the  fractures  in  evidence  that  in  some 
classes  of  soft  steel  in  certain  thicknesses  neither  reaming  nor  drilling 
avoid  granulation,  ivhile  in  puncJied  and  annealed  soft  steel  of  whatever 
class  from  M  to  %-inch  thick  the  fractures  arc  ivholly  silky. 

"Again  it  is  indicated  by  the  excessively  increased  elastic  limits 
apparent  in  punching,  in  reaming  and  in  drilling  that  physical  results  are 
obtained  about  the  hole  very  dissimilar  to  the  value  prevailing  in  the 
unworked  portions  of  the  material,  while  annealing  fully  restores  the 
material  and  proves  the  superiority  of  this  treatment  over  both  reaming 
and  drilling.  ' 

"I  sum  up  the  truth  to  be  ascertained  from  these  data  to  be : 
(v)     That   soft  basic  open-hearth   steel   may  be  punched   up  to   and  in- 
cluding  %-inch   thick   without   granulation. 

That  soft  acid  open-hearth  steel  may  be  punched  under  %-inch  in 
thickness  without  granulation. 

That  soft  Bessemer  may  be  punched  under  ^/-i-inch  thickness  without 
granulation. 

That  in  steel  where  thickness  shows  granulation  by  punching,  restora- 
tion is  not  wholly  accomplished  by  either  reaming  or  drilling,  but  is 
only  achieved  by  annealing. 

That  in  steels  which  show  no  granulation  in  punching,  but  in  which 
other  physical  conditions  have  been  materially  changed  by  either 
punching  or  reaming,  or  drilling,  the  material  may  be  fully  restored 
by  annealing. 


(w) 
(x) 

(y) 

(z) 
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"It  is  interesting  to  note  that  Bessemer  steel  of  higher  physical  prop- 
erties, when  punched  and  annealed,  compares  closely  with  softer  basic  and 
acid  drilled,  as  the  following  table  shows : 

PHYSICAL    PROPERTIES    OF    PUNCHED     AND     ANNEALED    BESSEMER     STEEL    COM- 
PARED   WITH    DRILLED   ACID    AND   BASIC   OPEN-HEARTH    STEEL. 


Kind  of  Steel 

-Ultimate  Strength 
Lbs.  per  sq.  in. 

Elastic  Limit 
Lbs.  per  scj.  in. 

Reduction  of  Area 
Per  cent. 

I'linched  and  an- 
nealed Hessemer.. 
Drilled  acid 

62,007 
60,698 
59,811 

40.377 
41.975 
40,275 

53.3  (15  tests) 
h2.7  (15  tests) 

Drilled  basic 

51.9  (15  tests) 

"I  record  the  average  data  from  which  the  foregoing  results  are  tab- 
ulated : 

SUMMARY    OF   DATA    USED    IN    FOREGOING    TABLES. 

Soft  basic  open-hearth  steel :  75  specimens. 


Ultimate  Strength 

Elastic  Limit 

Reduction  of  Area 

Plain  specimens 

Punched  

55,297 

56,500  =  4-2.17% 

60,100=  +8.68% 
59,811  =  +8.16% 

51.783  =  —6.35% 

32,050 

40,730=  +27.08% 

38.930  =  +21.46% 
40.275  =  +25.66% 

33,180  =  +    3.52% 

60.3 

30.      =—50.24% 

Punched  and 

49  3    =  —18.24% 

Drilled 

51.9    =  —  13.93% 

Punched  and  an- 

57.76  =  -    4.21% 

Soft  acid  open-hearth  steel :  75  specimens. 


Ultimate  Strength 

Elastic  Limit  ■ 

Reduction  of  Area 

Plain  specimens 

launched 

58.139 

55,002=  —5.39% 

61,114  =  +5.11% 
60,698  =  +  4.40% 

53,939=  —7.22% 

3.5,141 

48.024  =  +  19.58% 

42.031  =  +  19.60% 
41,975  =  +  19.44% 

36.917  =  +    5.13% 

56.9 

27.55  =  —51.58% 

Punched  and 

50.15  =  —11.86% 

Drilled 

Punched  and  an- 
nealed  

52.7    =  —   7.38% 
60.7    =  +    6.67% 

Soft  Bessemer  steel :     75  specimens. 


Ultimate  Strength 

Elastic  Limit 

Reduction  of  Area 

Plain  specimens 

Punched  

Punched  and 
reamed 

62.187 

52.759  =  —  15.16% 

65,298  =  +    5.00% 
64,959=  +    4.45% 

62,007  =  -    0.28% 

42,272 

46.539  =  -1-  10.09% 

48.354  =  +14.38% 
45.131  =  +    6.76% 

40.377  =  —    4.48% 

51.3 

14.3  =  —72.12% 

37.5=  —26.9  % 

Drilled 

38.8  -  —24.36% 

Punched  and  an- 

.53.3  -  —    3.89% 

"I  also  accompany  this  paper  with  a  copy  in  detail  of  all  the  tests  under 
consideration."    (See  tables  I.,  II.  and  III.) 
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EXPERIMENTS    BY    M.    A.    CONSIDERE. 

These  experiments  are  given  in  the  Transactions  of  the  Institute  of 
Naval  Architects,  Vol.  25,  p.  295,  1884.  In  this  paper  the  writer  gives 
three  series  of  experiments,  in  the  first  two  of  which  Martin  ingot  and 
Bessemer  ingot  steel  is  used  having  an  ultimate  strength  in  the  specimen 
of  74,000  and  86,000  pounds  per  square  inch,  respectively.  These  show 
strength  in  punched  specimens  in  the  case  of  the  Martin  ingot  of  from 
59,000  to  97,000  pounds  per  square  inch,  and  in  the  case  of  the  Bessemer 
ingot  from  65,000  to  106,000  pounds  per  square  inch,  according  to  the  width 
of  the  specimens.     In  these  cases  the  thickness  is  not  given. 

He  also  gives  a  table  showing  that  the  evil  result  of  punching  is 
greater  in  proportion  to  the  strength  of  the  steel  used,  showing  that  in 
the  case  of  soft  iron  the  strength  is  reduced  from  54,000  to  43,000  pounds 
per  square  inch ;  in  iron  from  the  north  of  France  from  59,000  to  45,000 ; 
in  "extra  soft"  Bessemer  steel  from  68,000  to  54,000;  in  soft  Martin  steel 
from  76,000  to  60,000;  in  the  case  of  "medium  hard"  Bessemer  from  87,000 
to  65,000;  and  in  hard  Bessemer  from  118,000  to  77,000  pounds  per  square 
inch.  He  also  gives  a  valuable  series  of  experiments  on  iron  tested  as  it 
leaves  the  rolls  compressed  by  cold  rolling,  steel  annealed  after  rolling, 
steel  as  it  leaves  the  rolls,  tempered  steel  and  steel  compressed  by  cold 
rolling. 

EXPERIMENTS    BY    J.     G.     WILDISH. 

This  series  of  experiments  is  reported  in  the  Transactions  of  the 
Institute  of  Naval  Architects,  Vol.  26,  p.  193,  1885.  They  give  the  effect 
ot  drilling,  punching  and  reaming  on  %-inch  metal  having  a  tensile  strength 
of  64,000  pounds  per  square  inch.  In  a  sample  about  3  to  3%  inches  wide 
with  two  %-inch  holes  punched  abreast  in  it  the  strength  is  reduced  to 
about  51,000  pounds  per  square  inch,  while  with  the  holes  drilled  or 
punched  %-inch  and  reamed  the  strength  is  not  reduced. 

CAMMELL   &   CO.'S   EXPERIMENTS,    1878. 

These  experiments  and  some  others  are  reported  in  the  Transactions 
of  the  Institute  of  Naval  Architects,  Vol.  47,  p.  418.  Nine  tables  are 
given  in  this  paper  to  show  the  effect  of  punching  on  both  iron  and  steel 
plates.  There  is  given  quite  a  variety  of  sizes  and  thicknesses  of  sam- 
ples, but  generally  only  one  test  of  a  kind.  The  general  results  of  the 
experiments  indicate  that  the  strength,  not  only  in  steel  but  in  wrought 
iron,  is  reduced  10  to  15  per  cent,  by  punching,  but  not  appreciably  re- 
duced by  punching  and  reaming. 

GERMAN    STATE  RAILWAY  TESTS. 

G.  C.  Henning  gave  in  the  Engineering  News,  Jan.  9,  1892,  an  ab- 
stract of  a  paper  by  Prof.  R,  Krohn,  reporting  extensive  tests  of  mild 
steel  made  for  German  state  railways.  Two  grades  of  wrought  iron 
and  two  grades  of  open-hearth  steel  were  tested.  Of  the  steel  one  was 
about   68,000   pounds   per   square    inch   ultimate    strength   and   the  other 
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about  54,000  pounds.  The  tests  of  the  wrought  iron  showed  that  its 
strength  was  reduced  by  punching  from  about  54,700  pounds  to  44,000 
pounds  per  square  inch,  and  by  drilling  it  was  only  slightly  weakened. 
The  54,000-pound  steel  was  not  weafcened  by  punching,  while  the  68,000,- 
pound  steel  was  only  very  slightly,  if  at  all  weakened. 

EXPERIMENTS  BY  JAS.   CHRISTIE. 

This  very  complete  series  of  experiments  was  reported  in  the  Trans- 
actions of  the  American  Society  of  Civil  Engineers,  Vol.  30,  October,  1893. 
The  nature  of  the  steel  is  not  fully  described,  few  chemical  analyses 
being  given,  nor  is  the  method  of  manufacture  stated.  There  are  ten 
tables  of  tests,  eight  of  which  bear  directly  upon  the  points  under 
consideration.  The  results  given  below  are  averages  of  many  separate 
tests.  In  the  first  table  42  tests  were  made  on  specimens  6  by  %  inches, 
6  by  5-16  inches  and  6  by  %  inches,  the  samples  being  punched  across  with 
holes  11-16,  13-16  and  15-16-inch,  there  being  either  three  or  four  in  a  line 
at  right  angles  to  the  line  of  strain.  The  unpunched  metal  had  an  ultimate 
strength  of  62,100  pounds  per  square  inch,  and  an  elastic  limit  of  39,800 
pounds  per  square  inch.  The  punched  metal  had  an  ultimate  strength  of 
66,400  and  an  elastic  limit  of  50,300  pounds  per  square  inch,  and  the  drilled 
specimens  had  an  ultimate  strength  of  60,700,  with  an  elastic  limit  of 
51,370  pounds  per  square  inch. 

The  second  table  gives  the  results  of  experiments  made  with  6-inch 
plates,  V2,  %  and  %-inch  thick,  punched  or  drilled  with  7  holes  on  one 
gage  line  and  6  holes  in  another,  the  holes  being  staggered  and  the  gage 
lines  4  inches  apart.  The  pitch  of  rivets  was  varied,  one  plate  having  a 
pitch  of  3  inches,  another  of  4  inches,  and  another  of  6  inches.  The  un- 
punched material  had  an  ultimate  strength  of  64,300  and  an  elastic  limit  of 
39,300  pounds  per  square  inch.  In  this  case  the  chemical  composition  is 
given  as  .16  per  cent,  carbon,  .077  per  cent,  phosphorus,  and  .51  per  cent, 
manganese.  The  punched  specimens  ^/4-inch  thick  had  an  ultimate  strength 
of  47,563,  with  an  elastic  limit  of  34,040  pounds  per  square  inch ;  the  %-inch 
material  an  ultimate  strength  of  46,276,  with  an  elastic  limit  of 
32,643  pounds  per  square  inch,  and  the  %-inch  material  an  ultimate 
strength  of  40,103,  with  an  elastic  limit  of  32,700  pounds  per 
square  inch.  With  punched  and  reamed  holes  in  ^/^-inch  material 
an  ultimate  strength  of  53,718,  and  an  elastic  limit  of  32,735  pounds  per 
square  inch;  with  %-inch  material  an  ultimate  strength  of  52,515,  with 
an  elastic  limit  of  31,620  pounds  per  square  inch.  With  drilled  holes 
these  figures  were  practically  the  same  as  with  punched  and  reamed  holes. 

The  third  table  shows  a  series  of  12  steel  bars  4%  by  11-16  inches.  The 
specimens  were  like  those  in  the  previous  table  in  all  respects,  except  that 
the  parallel  rows  of  holes  were  2M  inches  apart.  In  this  case,  as  in  the 
preceding,  the  holes  in  the  specimens  not  being  the  same  line  at  right 
angles  to  the  bar,  the  effective  net  section  was  taken  as  the  product  of 
thickness  by  width  of  bar  less  the  diameter  of  the  hole,  but  owing  to  the 
eccentricity  of  the  strain  the  specimens  always  broke  by  starting  at  one 
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edge  and  tearing  across,  which  accounts  for  the  strength  of  the  perforated 
bars  being  apparently  so  much  less  than  the  original.  In  this  case  the 
material  had  an  ultimate  strength  of  62,800  and  an  elastic  limit  of  37,200 
pounds  per  square  inch.  With  is-i6-inch  punched  holes  the  ultimate 
strength  was  40,800  and  the  elastic  limit  35,100  pounds  per  square  inch. 
With  holes  punched  %-inch  and  reamed  15-16-inch,  the  ultimate  strength 
was  51,900  and  the  elastic  limit  31,400  pounds  per  square  inch. 

The  fourth  table  gives  results  on  3  by  %-inch  bars  with  i-inch  holes, 
where  the  specimens  had  an  ultimate  strength  of  65,900,  with  an  elastic 
limit  of  41,800  pounds  per  square  inch.  In  this  case  with  a  punched  hole 
the  ultimate  strength  was  60,800  and  the  elastic  limit  46,100  pounds  per 
square  inch ;  with  a  punched  and  reamed  hole  the  ultimate  strength  was 
53,600  and  the  elastic  limit  39,500  pounds  per  square  inch ;  with  a  drilled 
hole  the  ultimate  strength  was  65,500  and  the  elastic  limit  45.500  pounds 
per  square  inch.  In  a  3  by  %-inch  bar,  with  a  specimen  strength  of 
63,100  ultimate  and  an  elastic  limit  of  39,900  pounds  per  square  inch,  the 
punched  sample  had  an  ultimate  strength  of  51,000  and  an  elastic  limit 
of  47,200  pounds  per  square  inch,  while  the  punched  and  reamed  specimens 
had  an  ultimate  strength  of  65,900  and  an  elastic  limit  of  49,400  pounds 
per  square  inch.  Specimens  %  and  %-inch  thick  gave  corresponding 
results. 

The  fifth  table  gives  results  upon  samples  with  sheared  and  planed 
edgeSj  which  indicate  a  very  slight  reduction  in  strength  from  shearing. 

The  sixth  table  gives  results  upon  sheared  and  planed  edges  of  iron 
plates  very  similar  to  the  results  in  steel  in  the  preceding  table. 

The  seventh  table  contains  results  on  Vi  and  %-inch  material,  with 
planed  edges,  sheared  edges ;  sheared  edges  and  sample  being  afterward 
annealed ;  and  with  planed  edges,  the  sample  being  afterward  overheated. 
The  results  indicated  that  plain  shearing  did  not  decrease  the  strength, 
but  that  overheating  did  to  some  extent. 

The  eighth  table  shows  the  effects  of  the  treatment  in  the  seventh 
table  upon  steel  of  80,000  pounds  per  square  inch  ultimate  strength.  This 
also  indicated  no  deterioration  in  value  from  the  sheared  edges,  nor  is 
there  any  appreciable  reduction  in  strength  from  overheating. 

TESTS     REPORTED    BY     C.     C.     SCHNEIDER. 

The  following  tests  were  made  in  an  effort  to  find  an  explanation 
for  the  sudden  fracture  of  a  bridge  member  in  service.  As  appears  from 
the  detailed  description  below,  test  samples  were  cut  in  the  vicinity  of  the 
break,  and  on  being  tested  they  showed  satisfactory  results,  both  as  to 
elastic  limit,  ultimate  strength,  elongation  and  reduction  of  area.  Small 
bending  tests  were  also  satisfactory,  but  by  chemical  analysis  it  was 
found  that  the  metal  was  very  high  in  phosphorus  and  was  undoubtedly 
Bessemer  steel.  It  was,  therefore,  determined  to  learn  whether  the  effect 
of  punching  in  metal  of  this  character  was  to  seriously  weaken  it,  and  it 
was  found  at  once  that  such  was  the  case. 

The  tests  were  continued  with  open-hearth  steel  of  a  similar  thickness 
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as  a  comparison  between  Bessemer  and  open-hearth,  and  it  is  seen  that  the 
effect  of  punching  in  the  case  of  open-hearth  steel,  %-inch  thick,  havin-? 
.21  per  cent,  of  carbon,  is  very  slight.  This  experiment  was  repeated  with 
%-inch  thick  open-hearth  material,  and  it  was  found  that  even  there  tlie 
effect  of  the  punching  was  not  so  great  as  in  the  case  of  the  Bessemer  steel 
used  in  the  bridge. 

Two  channel  members  of  the  end  diagonal  of  a  bridge  in  service  hav- 
ing broken  through  the  first  pair  of  rivet  holes  in  the  gusset  connections, 
the  fracture  being  granular,  with  no  reduction,  the  following  tension  tests 
were  made  of  material  cut  from  the  vicinity  of  the  break,  the  location  of 
each  specimen  being  indicated  in  Fig.  i. 


PHYSICAL   PROPERTIES    OF   SAMPLES   FROM    BRIDGE    (fIG.    i). 


Fig.1. 


_ 

a 

Elastic 

Ultimate 

ho 

Limit 

Strength 

Elong. 

Red. 

o'"^ 

Lbs. 

Lbs. 

Per  cent. 

Per  cent. 

per  sq.  in. 

per  sq.  in. 

1 

37.130 

60.280 

28  75 

.54.7 

3 

38,280 

e0.060 

29.5 

51.1 

3 

36.820 

61.400 

28.25 

50.6 

4 

36,  .500 

59.560 

30.75 

58.9 

0 

39.550 

61.640 

25. 

43.2 

6 

36.710 

60.740 

25.75 

53  4 

Cold  bends  on  all  six  specimens 
satisfactory. 


CHEMICAL    PROPERTIES    OF    SAMPLES    FROM     BRIDGE     (fIG.     i). 


Analysis. 

C.  % 

P.  % 

S.  % 

Mn.  % 

Xo.  2 

.11 
.12 

.103 
.106 

.076 
.080 

.58 
.52 

i 

Made  at  Pencoyd. 

COMPARATIVE  TESTS   OF  PUNCHED  AND  RIVETED  WORK   ON   MATERIAL  CUT  FROM 
DEFECTIVE   CHANNELS    (FIG.    2),   %-INCH    MATERIAL. 


-o 


-o 


Fig.  2. 


Original  Punch. 

New  Punching. 

Drilled. 

Item. 

1 

3 

3 

I 

2 

3 

1 

3 

3 

Ultimate  Strength 
D  inch 

%  Elong.  in  8  in... 

32,200 

33,700 

23.800 

37.000 

28,800 

34,300 

65,600 
10. 
78.2 

65,200 
10. 
78.6 

65,300 
10 

%  Reduction 

78  9 

Elastic  limit  on  these  tests  was  very  unreliable. 
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COMPARATIVE   TESTS   OF  OPEN-HEARTH    STEEL. 

Specimens  8  by  &  by  %  inch  L's. 
Analysis— C,  .21^.     P.,  .02;^.  Mn.,  .46^.     S.,  .02^.     Heat,  5-4602. 


Ultimate  Strength  Q  inch. . 

Elongation,  per  cent 

Reduction,  per  cent 


Punched. 


1 


65,800 
9. .5 
34.7 


60,700 
8.75 
16.8 


65,900 
10.25 
30.2 


DrillecJ. 


60,500 


58.600 
9.5 
29.1 


62,800 

8. 

29.6 


Specimen. 


61.380 
29.5 
53.3 


TESTS   ON    %-INCH    OPEN-HEARTH    STEEL,    PUNCHED. 

Test  pieces  similar  to  those  shown   (Figs,  i  and  2). 

C.        P.        S.       Elas.  Lim.       Ult.  Elong.  !^.  Red.  i^.Fracture. 
Test  piece..   .22^    .042!^    .049^        38,360        56,920      31.5        57.8     Silky. 


Punched  15-16  inch. 

Punched  13-16  in..  Reamed  15-16  in. 

1 

2 

3 

1 

2 

3 

Klas.  Limit,  Qin.. 
Ultimate  Streng';h 
Klong.,  per  cent. 
Redu'c, 
Fracture 

34.700    • 
43,700 

0. 

0. 
100  %  crys. 

37,000 

43,200 

0. 

0. 

100  %  crys. 

41.700 
45,100 

0. 

0. 
100  %  crys. 

38,700 
57.900 
8.7 
22. 
Silky. 

34.000 
57.900 
6.7 
27. 
Sillcy. 

38,600 
57,700 
7.0 
22. 
Silky. 

CONCLUSIONS  TO   BE   DRAWN  FROM  THE   FOREGOING   EX- 
PERIMENTS. 

A  careful  examination  of  the  material  quoted  above  leaves  one  with 
a  not  very  decided  idea  as  to  the  effect  of  punching  and  shearing  on  basic 
open-hearth  steel  with  an  average  ultimate  strength  of  60,000  pounds  per 
square  inch,  such  as  is  most  commonly  used  for  railroad  bridges  of  moder- 
ate span  at  the  present  time. 

In  the  first  place,  with  one  exception,  it  is  ten  years  since  the  last  of 
these  experiments  were  made,  and  during  this  time  the  manufacture  of 
steel  has  made  considerable  progress;  for,  undoubtedly,  the  product  which 
is  now  turned  out  is  liable  to  show  somewhat  different  results  from 
experiments  made  some  ten  years  ago;  exactly  how  it  differs  we  do  not 
know. 

Then,  again,  most  of  the  experiments  quoted,  including  those  of  Barba, 
Sharpe,  Kirk,  Hill  and  Considere,  were  upon  metal  of  entirely  dififerent 
grade  from  that  now  in  use,  while  the  experiments  quoted  by  Howe  are 
upon   steel  of  more  nearly  the  grade  used  to-day,  but    the   results  there 
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given  are  not  sufficiently  full  or  consistent  to  be  very  conclusive.  The 
experiments  at  the  Watertown  Arsenal,  the  Edge  Moor  Bridge  Works 
and  Mr.  Christie's  experiments  are  by  far  the  most  enlightening  of  the 
lot;  but  considering  that  the  deductions  from  the  Arsenal  tests  and  those 
of  the  Edge  Moor  Bridge  Works  are  that  reaming  is  of  not  very  great 
importance,  unless  in  extra  thick  metal,  and  that  Mr.  Christie's  experi- 
ments in  some  cases  would  indicate  that  reaming  was  of  advantage  and 
in  other  cases  of  not  much  account,  we  are  left  more  or  less  in  doubt  as 
to  the  value  of  reaming  and  edge  finishing. 

The  Committee  has  corresponded  with  a  number  of  the  most  prom- 
inent engineers  and  experts  on  steel  work  in  the  country,  and  the  uniform 
reply  to  their  inquiry  as  to  whether  they  knew  of  any  exact  data  on  the 
result  of  punching  has  been  that  they  have  known  of  no  experiments  more 
recent  than  those  of  Mr.  Christie.  It  is  somewhat  surprising  that,  con- 
sidering the  importance  of  the  subject,  so  little  experimental  work  in  this 
line  has  been  done,  and  it  is  the  hope  of  the  Committee  that  more  may  be 
done  before  we  get  through  with  it.  The  Edge  Moor  tests  are  quite 
complete  for  basic  open-hearth  steel  of  55,ooo  pounds  ultimate,  and  for 
acid  open-hearth  between  55,000  and  60,000  pounds  ultimate.  We  need 
similar  experiments  for  both  acid  and  basic  open-hearth  steel  with  60,000, 
65,000  and  70,000  pounds  per  square  inch  ultimate  strength. 

In  reply  to  correspondence  of  the  Committee  on  this  subject  during 
the  past  year  the  following  letters  have  been  received : 

Henry  E.  Seaman  says :  "My  experience  of  the  past  few  years,  in- 
specting steel,  has  not  materially  altered  my  old  preference  for  fibrous 
wrought  iron  in  the  construction  of  railroad  bridges,  if  it  were  practicable 
to-day  to  obtain  good  material.  The  objection  to  the  use  of  steel  is  that 
property  which  permits  a  crack  to  creep  through  a  member,  under  vibra- 
tory strains,  after  it  has  once  started,  however  soft  the  steel,  although  it 
is  less  apt  to  occur  in  soft  steel  than  in  hard  steel. 

"In  our  subway  work,  in  New  York  City,  we  have  had  several  frac- 
tures of  steel  beams,  due  to  rough  handling,  which  would  not  have  occurred 
had  they  been  wrought  iron,  and  which  would  have  been  very  dangerous 
had  they  been  used  in  railroad  work." 

Wm.  R.  Webster  saj's:  "All  steel  is  injured  by  punching.  The 
higher  the  tensile  strength  the  greater  the  injury,  and  the  thicker  the  piece 
of  steel  the  greater  the  injury.  All  steel  is  improved  by  reaming.  (This 
also  applies  to  shearing  and  planing  of  sheared  edges.) 

"I  would  prefer  a  simple  cold  bending  test  of  the  punched  or  sheared 
piece,  as  showing  the  injurious  eflfects  of  punching  or  shearing,  to  the 
drift  test  as  usually  made,  or  the  tensile  test  of  the  punched  piece  you  refer 
to.  If  drift  tests  are  to  be  used,  the  taper  of  drift  and  all  other  conditions 
of  test  should  be  stated. 

"The  injury  done  to  steel  by  punching  and  shearing  is  much  greater 
than  generally  supposed,  and  bending  tests  develop  it  better  than  any 
other  way.  I  think  the  members  of  your  Committee  should  make  a  full 
series  of  tests  of  same." 

A.  C.  Cunningham  says :  "I  have  never  had  the  opportunity  to  make 
any  comprehensive  tests  on   the  effects   of  punching  and   shearing  steel, 
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though  I  have  given  the  matter  considerable  study  and  have  hoped  to 
make  such  a  series  of  tests  should  an  opportunity  present  itself.  I  have 
never  seen  any  matter  published  on  the  subject  that  was  in  any  way  ex- 
haustive or  arrived  at  more  than  a  general  conclusion. 

"It  is  generally  assumed  that  the  ill  effects  of  punching  and  shearing 
extend  from  the  cut  edge  into  the  material  by  about  its  thickness,  and  if 
this  is  the  case  the  ordinary  reaming  and  planing  that  is  done  does  not,  in 
most  cases,  remove  such  ill  effects. 

"In  my  opinion  the  serious  effects  that  result  from  punching  and 
shearing  are  the  minute  cracks  and  splits  that  are  left  in  the  surface  of 
the  metal,  and  particularly  on  the  fin  side,  which  are  actual  mechanical 
starting  points  for  rupture.  The  disturbance  which  takes  place  in  the 
metal  I  believe  will  in  time  be  readjusted  and  leave  it  in  good  condition, 
and  if  the  actually  mutilated  edges  are  removed  I  think  that  it  is  all  that 
is  desirable.  For  instance,  I  would  rather  have  a  punched  hole  that  was 
smoothed  all  around  for  a  thirty-second  of  an  inch  than  one  that  was 
reamed  a  quarter  of  an  inch  on  one  side  and  not  touched  on  the  other. 

"There  are  other  abuses  of  steel  wnich  are  unavoidable  or  hard  to  pre- 
vent, such  as  partial  heating,  quick  and  irregular  cooling,  and  various 
straightening  processes  both  before  and  after  punching,  the  ill  effects  of 
which  extend  much  further  into  the  metal  than  those  of  punching  and 
shearing.  Where  these  abuses  have  not  been  too  excessive  and  actual 
rupture  has  not  been  started,  I  think  that  the  effects  will  more  or  less  dis- 
appear in  time. 

"In  testing  for  the  effects  of  these  abuses,  destruction  tests  are  neces- 
sarily resorted  to  and  made  within  a  comparatively  short  time  after  the 
abuse  is  applied,  and  it  should  be  remembered  that  our  methods  of  testing 
in  no  way  resemble  the  strains  of  the  material  in  actual  service. 

"Some  engineer,  whose  name  I  have  unfortunately  forgotten,  discov- 
ered a  few  years  ago  that  the  cleaning  of  cast  test  pieces  in  a  tumbling 
cylinder  or  'rattler'  had  the  same  effect  on  them  as  annealing  in  removing 
the  initial  stress,  and  suggested  the  annealing  of  large  castings  by  suit- 
able hammering.  It  is  not  such  a  Ions:  leap  from  this  fact  relating  to  cast 
.iron  to  assume  that  the  moderate  and  repeated  strains  on  a  steel  structure 
will  adjust  and  relieve  the  initial  stresses  due  to  manufacture. 

"From  a  number  of  years'  experience  in  testing  and  experimenting 
with  iron  and  steel,  and  from  extended  observations  in  bridge  shops, 
good,  bad  and  indifferent,  I  reached  the  conclusion  some  j'ears  ago  that  the 
best  policy  for  an  engineer  to  follow  was  to  specify  as  good  and  pure  a 
grade  of  steel  as  the  case  in  question  would  warrant,  and  of  a  not  ver>' 
high  ultimate  strength.  Reasonable  precautions  should  be  taken  to  secure 
this  steel,  after  which  the  remedial  treatment  of  reaming,  planing  and 
annealing  (except  tension  bars)  may  be  omitted,  if  the  shop  work  is  done 
with  good  tools  in  good  condition.  In  fact,  since  the  advent  of  the  port- 
able pneumatic  reamer,  it  would  improve  the  quality  of  shop  work  if 
reaming  was  prohibited,  as  holes  are  frequently  so  blind  that  they  have 
to  be  gouged  before  the  reamer  will  enter,  and  the  rivet  heads  in  such  a 
hole  do  not  appear  to  belong  to  the  same  rivet. 

''Where  planing,  reaming  and  annealing  of  compression  material  is 
specified,  the  general  result  aimed  at  is  not  secured,  on  account  of  care- 
lessness, difficulty_  and  impossibility,  but  the  price  of  the  work  is  much 
increased.  This  increased  cost  might  much  better  be  used  in  securing 
a  better  stock  of  steel  on  the  start,  whose  quality  would  render  it  much 
less  liable  to  injury  from  abuse." 
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PRESENT    PRACTICE    WITH    REGARD    TO    PUNCHING    AND 

REAMING. 

Twenty-two  railroads,  replying  to  a  circular  letter,  give  their  practice 
as  follows : 

C.  &  E.  I.  Railroad Ream   main   members ;   punch   bracing  and 

unimportant  details. 

St.  Louis  &  S.  F.  Railroad Ream  medium;  punch  soft. 

M.,  K.  &  T.  Ry In  favor  of  reaming. 

Cin.  Sou.  Ry Ream. 

B.  &  O.  Railroad Ream  only  above  %-inch. 

N.  Y.  C.  &  H.  R.  Railroad. ...  Ream  all  except  laterals,  iron  or  steel. 
K.  C.   So.  Ry Ream  medium ;  punch  soft.  • 

C.  &  N.  W.  Ry Ream  medium;   ream  soft  in  tension  mem- 

bers, also  top  and  bottom  flanges  and 
web  members ;  otherwise  punch. 

L.  &  N.  Railroad Ream  medium. 

C,  C.  C.  &  St.  L.  Ry Ream   soft  over  %-inch;   otherwise  punch. 

I.  C.  Railroad Ream  58,000  to  66,000  steel  ^/^-inch  or  over ; 

otherwise  punch. 

P.  &  R.  Ry Ream  and  plane  medium  and  soft  over  %- 

inch ;  otherwise  punch. 

Erie  Railroad Ream  metal  over  %-inch ;  otherwise  punch. 

N.  Y.,  N.  H.  &  H.  Railroad.  ..  Ream     metal     over     ii-i6-inch,     structural 

steel ;  otherwise  punch. 

Pennsylvania  Railroad Ream  metal  over  %-inch;  otherwise  punch. 

C,  B.    Q.  Ry Ream  everything. 

C,  R.  I.  &  P.  Ryl Ream  everything. 

L.  V.  Railroad Ream   above  %-inch ;   otherwise  punch. 

Southern  Pacific  Co Ream  tension  members,  floor,  plate  gird- 
ers and  all  over  %-inch ;  otherwise 
punch. 

N.  &  W.  Ry Ream  medium ;  punch  soft  (if  used). 

N.  Y.,  C.  &  St.  L.  Railroad.  ..  Ream  medium;  punch  soft. 

C,  M.  &  St.  P.  Ry. Ream  all  main  members ;  punch  bracing. 

Of  replies  from  others  than  the  railroads  the  following  should  be 
quoted : 

Robert  W.  Hunt  says:  "In  my  judgment,  reaming  is  very  important 
in  structural  work,  and  in  all  cases  should  be  specified.  This  is  espe- 
cially true  when  the  metal  employed  is  steel.  Of  course  j'ou  appreciate 
that  punching  holes  through  that  metal  has  a  tendency  to  disturb  its 
crystallization,  and  thus  sets  up  strains  which,  if  the  sections  are  heavy, 
are,  of  course,  greater  than  in  lighter  ones ;  but  still  the  disturbance  will 
always  take  place  to  a  greater  or  less  extent.  If  the  holes  are  punched 
somewhat  smaller  than  the  required  size  for  the  rivets  and  then  reamed 
to  that  size,  of  course  this  disturbed  metal  is  cut  away;  in  addition  to 
which  the  holes  will  be  left  perfectly  smooth  and  cylindrical. 
Of  course,  if  the  reaming  is  done  after  the  work  is  assembled,  it  leaves 
through  the  various  parts  unobstructed  space  for  the  driving  of  rivets. 
It  is  practically  impossible  to  obtain  this  where  ptmching  alone  is  de- 
pended upon. 

"Again,  when  punched  and  unreamed  members  are  assembled  one 
against  the  other,  and  the  sharp  and  uneven  holes  come  in  contact  with  the 
driven  rivet,  its  surfaces  will  be  disturbed  at  the  first  projection  encoun- 
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tered,  and  the  result  will  be  that  voids  will  be  found  which  have  not  been 
filled  up  by  the  rivets,  no  matter  how  carefully  they  may  have  been 
driven. 

■"On  the  other  hand,  if  the  holes  have  been  reamed,  you  can  easily 
appreciate  that  the  metal  of  the  rivet  will  expand,  under  the  pressure  of 
driving,  equally  in  all  directions,  and  so  completely  fill  the  holes,  thus 
adding  strength  to  the  work." 

Emil  Swensson  says :  "The  advantage  of  heavy  reaming,  enlarging 
the  holes  about  one-quarter  of  an  inch,  seems  to  be  doubtful  in  the  minds 
of  most  engineers,  none  to  my  knowledge  having  given  higher  values  to 
rivets  in  reamed  than  in  unreamed  work,  which  should  certainly  be  ex- 
pected from  those  requiring  such  reaming.  At  the  time  of  first  introduc- 
ing steel  bridges,  when  high  steel,  subject  to  serious  injury  in  punching, 
was  used,  there  was  some  advantage  in  reaming  to  save  reducing  unit 
stresses  for  rivets ;  but  in  softer  steel,  such  as  has  been  used  in  the  last 
ten  years,  no  such  reaming  is  necessary. 

"The  advantage  of  light  reaming  for  the  purpose  of  better  matching 
the  holes  is,  however,  of  distinct  advantage,  both  to  the  structure  and  to 
the  manufacturer,  as  the  cost  of  same  is  compensated  for  by  reduction  in 
cost  of  riveting.  Such  match  reaming  is  done  nowadays  in  nearly  all 
first-class  bridge  shops  without  being  especially  called  for. 

"The  extra  shop  cost  of  reaming  depends  upon  many  conditions: 

"(l)     The  amount  of  reaming  required. 

"(2)     The  shop  facilities  for  doing  such  reaming. 

"(3)     The  design  and  dimensions  of  the  members. 

"(4)     The  details  of  the  members. 

"All  of  which  determine  the  number  of  handlings  necessary  to  ream 
a  member.  If  the  entire  piece  can  be  assembled  at  one  time,  reamed  at  one 
time,,  and  riveted  at  one  time,  we  have  the  best  conditions;  but  if  a 
member  must  be  worked  piecemeal,  the  cost  of  reaming,  of  course,  in- 
creases with  the  number  of  handlings." 

J.  V.  W.  Reynders,  of  the  Pennsylvania  Steel  Company,  says :  "I  do 
not  believe  that  the  expense  of  reaming  is  warranted  in  the  case  of  any 
structures  not  subject  to  sudden  loads. 

"In  the  case  of  railway  bridges,  it  is  not  justifiable  to  omit  any  pre- 
caution that  will  add  to  the  safety  of  a  structure,  and  reaming  should  be 
resorted  to  in  all  cases,  except  possibly  in  the  case  of  soft  steel  below 
56,000  pounds  with  fairly  light  unit  stresses.  To  obtain  absolutely  reliable 
results,  material  should  be  reamed  before  assembling  to  insure  the  removal 
of  all  injured  material  to  a  depth  of  i-i6-inch,  and  a  second  reaming 
after  assembling  should  be  provided  to  insure  proper  matching  of  the 
holes.  This  method  I  am  aware  is  not  customary,  and  the  additional  ex- 
pense jnay  be  considered  objectionable  by  most  railroads. 

"Failing  in  the  above,  the  ordinary  method  of  enlarging  the  hole 
from  Vs  to  %-inch  is  desirable." 

As  a  result  of  the  above  summary  of  replies  from  the  railroads  and 
the  answers  from  bridge  companies  and  consulting  engineers,  we  find  that 
4  railroads  and  4  consulting  engineers  advise  reaming  everything;  4  rail- 
road engineers  punch  soft  steel  and  ream  medium  steel ;  4  railroads  ream 
metal  above  %-inch  and  punch  everything  else;  3  railroads,  one  con- 
sulting engineer  and  one  bridge  company  advise  reaming  main  members 
and  punching  laterals ;  2  railroads  advise  reaming  all  medium  steel  and 
soft  steel  in  special  cases;  2  railroads  ream  metal  V2-'mch  thick  or  over; 
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one  railroad  and  one  bridge  company  ream  metal  ii-i6-inch  and  thicker, 
punching  everything  else ;  one  railroad  reams  medium  steel ;  one  railroad 
reams  in  special  cases,  and  one  bridge  company  and  one  consulting  engi- 
neer require  no  reaming. 

In  the  above  summarizing  no  attention  has  been  paid  to  reaming 
which  is  required  for  the  purpose  of  matching  only,  but  reference  has 
been  made  only  to  sub-punching  and  reaming  for  the  purpose  of  removing 
supposed  injuries. 

Only  one  railroad  (the  New  York,  Chicago  &  St.  Louis)  makes  any 
allowance  for  the  increased  diameter  of  the  rivet  in  finished  work.  It 
would  seem  that  if  we  get  a  reasonably  perfect  hole  by  reaming  or  drilling 
assembled  work  that  it  is  only  fair  to  make  due  allowances  for  a  rivet 
the  size  of  the  hole.  This  will  to  some  degree  compensate  for  the  extra 
cost  of  reaming.  The  increase  for  the  value  of  a  %-inch  rivet  in  shear 
would  be  about  15  per  cent.,  or  in  bearing  about  7  per  cent. 

A  record  of  experiments  made  by  the  Chicago,  Milwaukee  &  St.  Paul 
Railway  in  1895  is  appended.  It  will  be  observed  that  the  steel  experi- 
m.ented  upon  was  medium  steel,  and  that  the  grade  of  steel  selected  for 
use  by  the  railroad  as  the  outcome  of  these  experiments  was  soft  steel. 
Also  that  the  diameter  of  the  die  used  in  the  experiments  was  but  1-32 
inch  greater  than  the  punch,  while  in  the  resulting  specification  the  clear- 
ance is  not  limited  so  far  as  the  requirements  given  show. 
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NOTES  ON  RIVET  HOLES  AND  SHEARED  EDGES  IN   STEEL. 

Compiled  in  the  Bridge  and  Buildfng  Department  of  the  Chicago,   Mil- 
waukee &   St.   Paul   Railway  Companj-. 
Chicago,  April  30,  1895. 

In  preparing  specifications  for  the  construction  of  steel  girder  bridges 
which  are  to  be  erected  this  season  (1895),  it  became  necessary  to  decide 
whether  to  ream  rivet  holes  and  to  plane  sheared  edges  in  steel.  To  assist 
in  making  this  decision  it  was  desired  to  make  a  few  experiments,  and 
through  the  courtesy  of  the  Lassig  Bridge  &  Iron  Works  this  was  accom- 
plished. The  accompanying  photographs  show  23  of  the  specimens,  and 
the  results  in  these  cases  are  typical  of  all  experiments  made. 

The  following  description  will  explain  the  photographs : 

Materials. — All  specimens  are  of  medium  open-hearth  steel.  Phys- 
ical tests  of  six  specimens  gave  the  following  averages: 

Ultimate  strength,  65,300  pounds  per  square  inch,  elastic  limit,  40,900 
pounds  per  square  inch.     Percentage  of  elongation  in  8  inches,  29.15. 

Bent  cold,  180  degrees  flat,  three  specimens  showed  no  fracture  and 
three  cracked  on  the  outside. 

Dimensions. — Specimens  i  to  S  are  1V2  by  %  inch ;  specimens  6  and 
7  are  1%  by  %  inch;  speciment  8  to  11  are  3  by  %  inch;  specimens  12  to  13 
are  3  by  %  inch;  specimen  14  is  2  by  %  inch;  specimens  15  to  18  are  3  by 
%  inch ;  specimen  19  is  3  by  7-16  inch ;  specimens  20  to  23  are  3  by  %  inch. 

Finish. — Terms  are  used  with  the  following  significance : 

"Punched"  indicates  a  punched  hole  without  subsequent  reaming. 
Size  of  punch  was  13-16-inch.     Size  of  die  was  27-32-inch. 
"Reamed"    indicates   a   hole   punched,   as    above,    and   afterwards 

reamed. 
"Sheared"  indicates  an  edge   sheared  without   further  finishing. 
"Ground"  indicates  an  edge  sheared  and  afterward  ground  to  take 

out  all  incipient  cracks  caused  by  the  shearing. 
A  "rolled"  edge  is  one  formed  on  the  rolls. 
Specimens    of   equal    size    and    different   finish    were    treated    exactly 
alike,  thus  showing  the  effect  of  the  finish. 

Treatment. — The  experiments  consisted  of  three  treatments.  In  the 
first  the  specimen  was  placed  on  bearings  3  inches  apart  under  a 
punch  plunger  equipped  with  a  tool  %  by  4  inches  wide,  with  rounded 
edge.  The  operation  of  the  punch  resulted  in  the  shape  shown  by  speci- 
men No.  3  in  photographs.  In  the  second  treatment  the  first  tool  was 
removed  from  the  plunger  and  replaced  with  one  having  a  square  end. 
The  specimen,  already  bent  by  the  first  treatment,  was  placed  on  a  flat 
surface  and  pressed  down  by  the  punch  to  the  shape  shown  in  specimen 
No.  4.  After  this  a  plate  was  put  under  the  specimen  and  the  third 
treatment  with  the  punch  resulted  in  the  shape  shown  in  specimen  No.  5. 
The  stroke  of  the  punch  plunger  was  the  same  in  all  cases,  thus  making 
the  treatment  uniform.  The  only  exception  to  these  treatments  was  in 
specimens  Nos.  20  to  23,  which  were  placed  on  edge  and  struck  with  the 
punch  plunger.    The  marks  on  the  edges  show  the  location  of  the  supports. 
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Specimens  i  to  5  all  have  both  edges  rolled. 

I  and  2  were  cut  about  i-32-inch  deep  across  one  face  with  a  cold 
chisel  and  broke  as  shown  at  first  treatment. 

3  to  5  were  not  cut  and  stood  one,  two  and  three  treatments,  respec- 
tively, without  cracking. 

Specimens  6  and  7. 

6  has  two  sheared  edges  and  cracked  from  the  rougher  edge. 

7  has  two  ground  edges  and  did  not  crack  at  all. 

Specimens  8  and  9. 

Each  has  two  rolled  edges. 

8  has  a  punched  hole  and  broke  from  hole  outward. 

9  has  a  reamed  hole  and  did  not  crack  at  all. 

Specimens  10  and  11. 

Each  has  two  rolled  edges. 

10  has  two  punched  holes  and  broke  at  the  first  treatment. 

II  has  two  reamed  holes  and  was  fractured  as  shown. 

Specimens   12   and   13. 

12  has  two  sheared  edges  and  a  punched  hole.  It  broke  at  the  first 
treatment. 

13  has  two  ground  edges  and  a  reamed  hole.  It  was  fractured  as 
shown,  due  mainly  to  the  thickness  of  the  plate. 

Specimens  14  to  19  were  long  enough  so  that  the  two  ends  could  be 
treated  separately,  and  in  each  case  the  opposite  ends  show  contrasted 
results,  due  to  the  difference  in  finish.  The  photograph  on  which  the 
Nos.  14A  to  19A  appear  shows  the  end  having  the  rough  finish, 
while  the  better  finish  is  shown  on  photograph  showing  Nos.  14B 
to  19B — A  and  B  indicating  opposite  ends  of  a  given  number. 

Specimens  14A  and  14B. 

14A  has  one  rolled  edge,  one  sheared  edge,  and  a  punched  hole. 
Two  treatments  resulted  in  a  fracture  shown,  which  seems  to  have  started 
each  way  from  the  hole. 

14B  has  one  rolled  edge,  one  ground  edge,  and  a  reamed  hole.  Two 
treatments  caused  only  a  slight  crack  in  one  edge  of  the  hole. 

Specimens  15A  and  15B. 

15A  has  one  sheared  edge,  one  rolled  edge,  and  a  punched  hole.  First 
treatment  caused  a  fracture  starting  from  the  sheared  edge. 

15B  is  the  same  as  15A,  except  that  the  hole  is  reamed.  First  treat- 
ment caused  a  fracture  starting  from  the  sheared  edge,  but  not  passing 
beyond  the  hole. 

Specimens  16A  and  16B. 

16A  has  one  sheared  edge,  one  rolled  edge,  and  a  punched  hole.  First 
treatment  broke  the  metal  on  the  side  toward  the  sheared  edge  and 
started  cracks  on  the  opposite  side  of  the  hole. 

16B  has  one  ground  edge,  one  rolled  edge,  and  a  reamed  hole.  No 
cracks  started. 

Specimens  17A  and  17B. 

17A  has  one  rolled  edge,  one  sheared  edge,  and  a  punched  hole.  Two 
treatments  caused  fractures  each  way  from  the  hole. 

17B  has  one  rolled  edge,  one  ground  edge,  and  a  reamed  hole.  Two 
treatments  caused  a  crack  on  one  side  of  the  hole. 
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Specimens  i8A  and   i8B. 

i8A  has  one  rolled  edge,  one  ground  edge,  and  a  punched  hole.  The 
first  treatment  caused  cracks  each  side  of  the  hole. 

iSB  has  one  rolled  edge,  one  sheared  edge,  and  a  reamed  hole.  The 
first  treatment  caused  small  cracks  on  the  sheared  edge,  but  none  around 
the  hole. 

Specimens  19A  and   19B. 

Each  has  two  rolled  edges. 

19A  has  a  punched  hole,  and  the  first  treatment  started  cracks  around 
the  same. 

19B  has  a  reamed  hole  and  shows  only  one  small  crack. 

Specimens  20  to  23. 

All  have  one  rolled  edge  and  one  sheared  edge.  The  specimens  were 
placed  so  as  to  break  the  sheared  edges  in  each  case. 

20  and  21  have  punched  holes,  and  the  fracture  extends  into  metal  back 
of  hole. 

22  and  23  have  reamed  holes  and  the  fracture  does  not  extend  beyond 
hole. 

The  conclusions  arrived   at  from  the  preceding  are : 

(i)  That  the  reaming  of  punched  holes  in  all  the  principal  members 
of  steel  bridges  is  a  necessary  precaution.  The  term  "reaming"  as  used 
here  means  to  remove  with  a  cutting  tool  all  of  the  rough  edges  or 
incipient  cracks  -caused  by  the  operation  of  punching.  (2)  That  the 
planing  or  otherwise  finishing  of  the  edges  of  sheared  steel  will  render 
it  much  less  liable  to  crack  from  the  edge  inward,  but  that  in  the  case  of 
web  plates  for  deep  girders,  where  there  is  a  double  row  of  reamed  holes 
in  the. top  and  bottom  edges,  the  planing  of  these  edges  may  safely  be 
omitted,  for  the  reason  that  the  reamed  hole  has  a  tendency  to  prevent  the 
break  extending  beyond  the  hole. 

Therefore,  the  contract  has  been  let  for  the  supply  of  about  1,200 
tons  of  steel  plate  girder  work  under  the  C.  M.  &  St.  P.  general  specifica- 
tions, correcting  them  with  respect  to  the  quality  of  the  following 
specifications : 

Ultimate  strength  shall  be  from  54,000  to  62,000  pounds  per  square 
inch. 

Elastic  limit  shall  be  one-half  the  ultimate  strength. 

Minimum  percentage  of  elongation  on  test  specimen  shown  in  section 
No.  3  shall  be  25  per  cent. 

Steel  shall  bend  cold  180  degrees  flat  on  itself,  without  sign  of 
fracture. 

Specimens  for  bending  may  have  the  sheared  edges  dressed. 

Any  rivet  hole  punched  and  reamed  in  any  position,  as  shown  upon 
the  drawings,  must  stand  drifting  until  its  diameter  is  increased  50  per 
cent,  without  cracking  either  the  periphery  of  the  hole  or  the  external 
edges  of  the  piece. 

Percentage  of  carbon  in  the  steel  shall  be  more  than  0.12,  and  less 
than  0.22. 

15 


226  PROCEEDINGS   OF   THE 

Percentage  of  phosphorus  in  the  steel  shall  not  exceed  0.05. 

Percentage  of  sulphur  in  the  steel  shall  not  exceed  0.04. 

Percentage  of   silicon   in  the   steel    shall   not   exceed  0.02. 

Percentage  of  manganese  in  the  steel  shall  not  exceed  0.55. 

The  contractor  shall  furnish  at  least  one  pulling  and  one  bending 
test  for  every  furnace  heat  of  every  melt.  Said  specimens  shall  be  cut 
from  an  item  of  the  finished  order  and  not  from  a  preliminary  specimen 
plate. 

Whenever  the  first  test  made  by  the  inspector  shall  fail  to  fill  the 
specifications,  he  shall  have  the  option  of  rejecting  the  material  covered 
by  said  test,  or  of  selecting  other  items  from  the  finished  order,  and 
marking  out  additional  test  specimens.  In  such  case  the  additional  tests 
shall  be  promptly  cut  and  tested  under  his  supervision. 

When  he  shall  accept  the  chemical  analysis  and  specimen  tests,  the 
material  as  rolled  for  the  order  shall  be  so  handled  that  he  may  be  able 
to  plainly  see  all  the  exterior  surfaces  and  measure  the  dimensions,  in  order 
to  determine  the  surface  inspection  and  weight  of  items. 

No  material  shall  be  shipped  without  his  approval,  covering  the 
points  above  named,  and  this  shall  be  indicated  by  his  cold  stamp  on 
every  item  of  the  order.  The  acceptance  of  material  by  the  inspector 
shall  not  prevent  its  being  rejected  subsequently,  at  any  time,  if  found 
defective,  and  the  contractor  shall  promptly  replace  sartie  without  addi- 
tional cost. 

The  contractor  shall  furnish  all  necessary  facilities  for  testing,  and 
shall  supply  the  inspector  with  copies  of  the  chemical  analysis  of  the 
material  furnished. 

The  contractor  shall  furnish  the  engineer  with  copies  of  his  orders 
for  steel  in  order  that  the  former  may  provide  for  the  mill  inspection. 

All  shop  rivets  shall  be  of  steel  of  the  quality  herein  specified,  and 
special  precaution  must  be  taken  to  avoid  its  being  red-short. 

Field  rivets  shall  be  of  iron,  and  if  supplied  by  the  contractor  will 
be  paid  for  at  the  contract  price  of  the  steel  work. 

Flange  plates  and  angles  of  main  and  cross  girders  and  stringers  shall 
have  reamed  holes.  All  holes  within  six  inches  of  top  and  bottom  edges 
of  web  plates  shall  be  reamed. 

Holes  which  are  to  be  reamed  shall  be  punched  with  the  die  1-16- 
inch  less  in  diameter  than  the  rivet,  and  shall  be  reamed  to  a  diameter 
I- 16-inch  greater  than  that  of  the  rivet. 

UNIT   STRAINS. 

While  the  Committee  is  not  ready  to  recommend  a  schedule  of  unit 
strains  to  the  Association,  the  following  references  to  literature  on  the 
subject  and  the  considerations  governing  a  choice  of  a  set  of  units  are 
presented  to  show  the  trend  of  opinion  held  by  the  Committee  and  to 
bring  out  discussion  on  the  subject. 
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REFERENCES    TO   UTERATURE. 

The  quality  and  strength  of  material,  the  character  of  loading  and 
the  unit  strains  are  so  closely  related  that  they  should  be  studied  together. 
The  articles  referred  to  below  cover  the  discussion  of  these  subjects  for 
a  period  of  over  thirty  years,  and  show  the  evolution  of  iron  and  steel 
structures  in  this  country  from  their  beginning  till  the  present  date. 

The  following  papers,  with  discussions  bearing  on  the  subject,  are 
found  in  the  Transactions  of  the  American  Society  of  Civil  Engineers: 

(i)  Vol.  I   (1868-1871),  pp.  228-238. 

"The  Use  of  Cast  Iron  for  Compressive  Members  of  Iron  Bridges," 
by  F.  C.  Lawthorp. 
(2)  Vol.  2   (1872-1873),  pp.  93-106. 

"Loads  and  Strains  of  Bridges,"  by  John  Griffen  and  Thomas  C 
Clarke. 

(3)  Same  Volume,  pp.  223-227. 

"Tests  of  Bridge  Iron,"  by  J.  Button  Steele. 

(4)  Same  Volume,  pp.   228-232. 

"Notes  of  the  Crushing  Strength  of  American  Iron,"  by  Thomas  C. 
Clarke. 

(5)  Same  Volume,   pp.  239-240. 

"A  Note  on  the  Resistance  of  Materials,"  by  Prof.  R.  H.  Thurston. 

(6)  Same  Volume,  pp.  294-308;   338. 

"Tables  on  the  Strength  of  Cast  Iron  Columns,"  by  Edwin  Thacher. 

(7)  Same  Volume,  pp.  333-338. 

"Proportions  of  Heads  of  Eyebars,"  by  Charles  MacDonald. 

(8)  Same   Volume,   pp.   339-348. 

"Experiments  on  Tensile  Strength  of  Bar  Iron  and  Boiler  Plate," 
by  C.  B.  Richards. 

(9)  Vol.  3    (1874),   pp.    1-30. 

"On  the  Mechanical   Properties  of  Materials   of   Construction,"  by 
Prof.  R.  H.  Thurston. 

(10)  Same  Volume,  pp.  285-288. 

"On  Proportions  of  Heads  of  Eyebars,"  discussion  by  Charles  Doug- 
las Fox. 

(11)  Vol.  4   (1875),  pp.  334-336. 

"Note  on   Resistance  of  Material,"  by   Prof.  R.   H.   Thurston. 

(12)  Vol.  5    (1875-1876),  pp.   199-214. 

"The  Resistance   of  Materials,"  by  Prof.   R.   H.  Thurston. 

(13)  Vol.  6   (1876-1877),  pp.  29-38. 

"The  Rate  of  Set  of  Metals  Subjected  to  Strain,"  by  Prof.  R.   H. 
Thurston. 

(14)  Same  Volume,  pp.  263-267. 

"Proportions  of  Eyebar  Heads  and  Pins,"  by  C.  Shaler  Smith. 
(is)  Vol.   7    (1878),  pp.   53-59. 

"On  a  New  Method  of  Detecting  Over-Strain   in   Iron  and  Other 
Metals,"  by  Prof.  R.   H.  Thurston. 
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(i6)  Vol.  8   (1879),  pp.  263-294. 

"The  Use  of  Steel  for  Bridges,"  by  Theodore  Cooper. 

(17)  Vol.  9  (1880),  pp.  173-185. 

"On  the  Variation  Due  to  Orthogonal  Strains  in  the  Elastic  Limit 
in   Metals,"  by  Prof.   R.   H.   Thurston. 

(18)  Same  Volume,  pp.  407-414. 

"The  Crippling  Strength  of  Wrought  Iron  Columns,"  by  C.  L.  Gates. 

(19)  Same  Volume,  pp.  447-454. 

"The  Strength  of  Wrought  Iron  Columns,"  by  G.  Bouscaren. 

(20)  Vol.  II   (1882),  pp.  61-120. 

"Wrought  Iron   Columns,   Tests  and   Formulas,"   Discussions. 

(21)  Vol.  12   (1883),  pp.  363-392. 

"Rebuilding    the    Monongahela    Bridge    at    Pittsburg,    Pa.,"    by    G. 
Lindenthal. 

(22)  Vol.   13    (1884),  pp.  41-52. 

"Structural   Steel,"   by  Edward  B.   Dorsey. 

(23)  Same  Volume,  pp.   35-122. 

"Strength  of  Wrought  Iron  Struts,"  by  James  Christie. 

(24)  Same  Volume,  pp.  253-294. 

"The  Strength  and  Elasticity  of  Structural  Steel,"  by  James  Christie. 

(25)  Vol.  14  (1885),  pp.  197-204. 

"Structural   Steel,"   by  Edward   B.   Dorsey. 

(26)  Same  Volume,  pp.  499-606. 

"The  Cantilever  Bridge  at  Niagara  Falls,"  by  C.  C.   Schneider. 

(27)  Vol.   15    (1886),  pp.  389-498. 

"On    Specifications    for   Strength   of   Iron   Bridges,"   by   Joseph    M. 
Wilson. 

(28)  Same  Volume,  pp.  517-536. 

"On  Strength  of  Columns,"  by  Thomas  H.  Johnson. 
(29)   Same   Volume,    pp.   537-542. 

"New  Formula  for  Compression   Members,"  by  Prof.  R.  Krohn. 

(30)  Vol.  16    (1887),  pp.  34-41. 

"Specifications  for  the  Strength  of  Iron  Bridges,"  by  J.  A.  L.  Wad- 
dell. 

(31)  Same   Volume,   pp.   42-65. 

"Vibration   of  Bridges,"  by   S.   W.   Robinson. 

(32)  Same   Volume,    pp.    139-170. 

"Some  Constants  of  Structural   Steel,"  by  Palmer  C.  Ricketts. 

(33)  Same  Volume,  pp.  283-389. 

"Steel :     Its    Properties :     Its    Uses    in    Structures     and     in     Heavy 
Guns,"    by   William    Metcalf. 

(34)  Vol.  17  (1887),  pp.  53-110. 

"Compressive  Strength  of  Steel  ^nd  Iron,"  by  Charles  A.  Marshall. 

(35)  Same  Volume,  pp.   111-192. 

"The  Kentucky  and  Indiana  Bridge,"  by  Mace  Moulton. 

(36)  Vol.   18   (1888),  pp.   104-118. 

"Experiments  upon  Z-Iron  Columns,"  by  C.  L.   Strobe!.  ^ 
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{Z7)  Same  Volume,  pp.   1 19-129. 

"Test  of  a  Wrought  Iron  Double  Track  Floor  Beam,"  by  Alfred  P. 
Boiler. 

(38)  Vol.  20  (1889),  pp.  137-150- 

"Stresses  in  Bridges,"  by  William  H.  Booth. 

(39)  Same  Volume,   pp.    151-194. 

"The  Construction  of  the  Bridge  Over  the  Arkansas  River  at  Van 
Buren,  Ark.,"  by  C.  D.  Purdon. 

(40)  Same  Volume,  pp.  154-263. 

"Some  Experiments  on   Strength  of  Bessemer   Steel   Bridge   Com- 
pression Members,"  by  James  G.  Dagron. 

(41)  Vol.  21    (1889),  pp.  1-58. 

"American   Railroad   Bridges,"   by  Theodore   Cooper. 

(42)  Same  Volume,  pp.  97-132. 

"The  Sibley  Bridge,"  by  O.  Chanute,  John  F.  Wallace  and  W.  H. 
Breithaupt. 

(43)  Vol.  23    (1890),  pp.  47-94. 

"The  River  Spans  of  the  Cincinnati  and  Covington  Elevated  Rail- 
way, Transfer  and  Bridge  Company,"  by  William  H.  Burr. 

(44)  Vol.  24  (1891),  pp.  159-187. 

"On  the  Permanent   Effect  of  Strain   in   Metals,"  by   Prof.   R.   H. 
Thurston. 
(45)  Vol.  24    (1891),  ppr  17-22. 

"Discussion  on  Paper  'Permanent  Effect  of  Strain  in  Metals,' "  by 
William    Metcalf. 

(46)  Same  Volume,  pp.  662-728. 

"Red   Rock   Cantilever   Bridge,"   by  S.   M.   Rowe,   S.  W.   Robinson 
and    Henry   H.    Quimby. 

(47)  Vol.   26    (1892),   pp.   77-282. 

"Some  Disputed  Points  in  Railway  Bridge  Designing,"  by  J,  A.  I* 
Waddell. 

(48)  Vol.  27  (1892),  pp.  69-96. 

"A  New  Formula  for  the  Strength  of  Columns,"  by  A.  J.  Du  Bois. 

(49)  Same  Volume,  pp.  173-219. 

"The  Cantilever  Highway  Bridge  at  Cincinnati,"'  by  Gustave  Kauf- 
man and  F.  C.  Osborn. 

(50)  Same  Volume,  pp.  352-357- 

"Hardening  Steel  Eyebars,"  by  A.  C.   Cunningham. 

(51)  Same  volume,  pp.  358-405. 

"The  Results  Obtained  from  Tests  of  Full-Sized  Eyebars,"  by  Fred- 
erick H.  Lewis. 
(52)   Same  Volume,  pp.   406-411. 

"Experiments  on  Iron  and  Steel  Joints  Riveted  on  an  Angle,"  by 
Bertram    B.    Flint. 
(S3)  Vol.  29   (1893),  pp.  573-619- 

"The  Continuous  Superstructure  of  the  Memphis  Bridge,"  by  George 
S.    Morison. 
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(54)  Vol.  30  (1893).  PP-   155-180;  655-665. 

"The   Treatment   of   Metals   for   Structural    Purposes,"   by    James 
Christie. 

(55)  Same  Volume,  pp.  181-203;  666-680. 

"A   Proposed   Method  of  Testing  Structural   Steel,"  by  Alfred   E. 
Hunt. 

(56)  Same  Volume,'  pp.  204-218. 

"The  Use  of  Mild   Steel  for  Engineering   Structures,"   by   George 
C.  Mehrtens. 

(57)  Same  Volume,  pp.  219-234;  681-688. 

"The  Use  of  Basic  Mild  Steel  as  Material  for  Construction  in  Ger- 
many,"  by  C.  Weyrich. 

(58)  Vol.  33   (1895),  pp.  297-404. 

"Specification  for  Structural   Steel,"  by  H.   H.   Campbell. 

(59)  Vol.  34  (1895),  pp.  285-293. 

"The   Physical    Qualities   of   Acid   Open    Hearth    Nickel    Steel,   as 
Compared   with    Carbon   Steel  of   Similar    Tensile    Strength,"   by 
H.  H.  Campbell. 
(60)   Same  Volume,  pp.  294-346. 

"What  Is  the   Life  of  an   Iron   Railroad   Bridge?"  by  J.    E.   Greiner. 

(61)  Vol.  36   (1896),  pp.  91-108. 

"The  Condition  of  Steel  in  Bridge  Pins,"  by  A.  C.  Cunningham. 

(62)  Vol.  Z7  (1897),  pp.  308-500. 

"The   Study  in  the  Designing  and   Construction  of  Elevated   Rail- 
roads,  with   Special    Reference    to   the    Northwestern    Elevated 
Railroad  and  the  Union  Loop  Elevated  Railroad  of  Chicago,  111.," 
by  J.  A.  L.  Waddell. 
i^Z)  Vol.  38  (1897),  pp.  41-77- 

"Recent  Tests  of  Bridge  Members,"  by  J.  E.  Greiner. 

(64)  Same  Volume,  pp.  78-92. 

"The   Relation   of  Tensile   Strength   to  Composition   in    Structural 
Steel,"  by  A.  C.  Cunningham. 

(65)  Vol.  39    (1898),  pp.   96-120. 

"Theory  of  the  Ideal  Column,"  by  William  Cain. 

(66)  Vol.  41   (1899),  pp.  140-268. 

"The  Launhardt  Formula,  and  Railroad  Bridge  Specifications,"  by 

Henry  B.  Seaman. 
{(iT]')  Same  Volume,  pp.  410-466. 

"Some  Experiments  on  Bridges  Under  Moving  Train   Loads,"  by 

F.  E.  Turneaure. 

(68)  Same  Volume,  pp.  467-553. 

"The  Determining  of  the  Safe  Working  Stress  for  Railway  Bridges 
of  Wrought  Iron  and  Steel,"  by  E.  Herbert  Stone. 

(69)  Vol.  42  (1899),  pp.  189-239. 

"Wheel  Concentrations  and  Fatigue  Formulas."     An  informal  dis- 
cussion at  the  annual  convention,  June  27,  1899. 
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(70)  Vol.  45  (1901),  pp.  334-445- 

"The   Practical    Column   Under    Central   or   Eccentric    Loads,"   by 
J.  M.  Moncrieff. 

(71)  Same  Volume,  pp.  550-598. 

"A   Direct   Method   of   Spacing   Rivets   and    Finding   the    Position, 
etc.,  of  Stiffeners  in  Plate  Girders,"  by  E.  Schmitt. 

The  following  text-books  contain  valuable  information  on  the  subject: 

(72)  STRUCTURAL  MECHANICS,  by  Charles  E.  Greene,  Professor  of 

Civil  Engineering,  University  of  Michigan;  pp.  1-15;  22-34;  138- 
182;  240-246. 

(73)  THE  STRENGTH  OF  MATERIALS,  by  J.  A.  Ewing,  Professor 

of  Mechanism  and  Applied  Mechanics  in  the  University  of  Cam- 
bridge, England    (1899);   pp.  24-58;   91-95;    171-183. 

(74)  THE  MATERIALS  OF  CONSTRUCTION,  by  J.  B.  Johnson,  Dean 

of  the  College  of  Mechanics  and  Engineering  of  the  University 
of  Wisconsin,  (1900);  pp.  10-23;  117-171;  302-311;  359-367;  399- 
406;  482-536;  537-547;  557-567. 

(75)  THE    THEORY  AND   PRACTICE    OF    MODERN    FRAMED 

STRUCTURES,  by  J.  B.  Johnson,  Dean  of  the  College  of  Me- 
chanics and  Engineering  of  the  University  of  Wisconsin ;  "Column 
Formula,"  pp.  143-153. 

(76)  STRENGTH  AND  DETERMINATION  OF  THE  DIMENSIONS 

OF  STRUCTURES  OF  IRON  AND  STEEL,  WITH  REFER-' 
ENCE  TO  THE  LATEST  INVESTIGATIONS,  by  Dr.  Phil. 
Jacob  J.  Weyrauch,  Professor  in  the  Polytechnic  School  at  Stutt- 
gart. Translated  by  A.  Jay  Du  Bois,  Ph.  Dr.,  Professor  of  Civil 
and  Mechanical  Engineering,  Lehigh  University,  Pennsylvania, 
(1877). 
{77)  THE  MECHANICS  OF  ENGINEERING,  Vol.  2,  by  A.  Jay  Du 
Bois,  Professor  of  Civil  Engineering  in  the  Sheffield  Scientific 
School  of  Yale  University    (1902);  pp.   332-343;   357-388. 

The  following  papers  on  the  subject  are  from  the  Journal  of  the 
Western  Society  of  Engineers : 

(78)  "Effect  of  Temperature  on  Strength  of  Wrought  Iron  and 
Steel,"  by  Prof.  R.  C.  Carpenter.  (From  advance  proof,  Transactions 
American  Society  Mechanical  Engineers,  December,  1895.)  Reprinted  in 
the  Journal  of  the  Western  Society  of  Engineers,  January  and  February, 
1896,  on  pp.  110-112. 

(79)  "Influence  of  Cold  on  the  Strength  of  Iron  and  Steel,"  by  Prof. 
Rudeloff.  Journal  of  the  Western  Society  of  Engineers,  September-Octo- 
ber, 1896,  pp.  688-689.  Reprint  from  "Mittheilungen  aus  den  Koniglichen 
Technischen  Versuchsanstalten  zu  Berlin,"  1895,  p.  109. 

(80)  "Rebuilding  of  the  Kinzie  Street  Drawbridge  of  the  Chicago 
and  Northwestern  Railway,"  by  W.  H.  Finley,  February,  1899,  p.  S3,  in 
regard  to  steel  in  old  bridge. 


232  PROCEEDINGS    OF    THE. 

(8i)  "The  Failure  of  the  Einbabeh  Bridge  at  Cairo,  Egypt."  June, 
1899.  pp.  288-291.  Reprint  from  Proceedings  of  the  Institution  of  Civil 
Engineers,  London,  Vol.    135,  paper  by  F.   E.  Robertson. 

(82)  "Proposed  Specifications  for  Steel  Railroad  Bridges"  by  J.  W. 
Schaub,   October,    1900,  pp.   347-393- 

(83)  "Eflfect  of  Splicing  and  Riveting,"  by  George  S.  Morison,  June, 
1901,  pp.  245-265.  . 

(84)  Some  of  the  European  ideas  and  practice  relative  to  unit  strains 
are  given  in  the  Bulletin  of  the  International  Railway  Congress  for  July 
and  August,  1901,  on  pp.  1793-1812;  1869-2298;  2299;  2328-2329. 

Of  the  foregoing  list  of  articles,  we  refer  in  particular  to  References 
Nos.  27,  28,  29,  47,  48,  60,  65,  66,  68,  70,  82,  83,  84. 

STRAINS    UNDER    DYNAMIC    LOADS. 

The  subject  of  unit  strains  in  iron  and  steel  structures  is,  as  said 
before,  so  closely  related  to  the  quality  and  strength  of  material  used,  and 
the  loading  which  the  structure  has  to  carry,  that  the  three  must  be  studied 
together. 

The  quality  and  strength  of  material  to  be  used  in  the  structure  is 
well  known  from  the  numerous  tests  made  on  both  specimens  and  full- 
sized  structural  members  in  the  last  fiifty  years,  during  which  period  iron 
and  steel  have  been  used  for  structures  of  various  kinds. 

The  load  which  the  structure  may  have  to  carry  during  its  service  is, 
on  the  contrary,  more  or  less  an  assumption  at  the  time  the  structure  is 
designed. 

If  this  is  a  railroad  bridge,  we  assume  that  it  shall  carry  a  load 
represented  by  a  typical  train.  The  static  load  applied  on  the  bridge 
from  this  typical  train  may  closely  represent  the  static  load  of  the  heaviest 
actual  tram  passing  over  the  bridge  when  in  service,  but  we  are  still 
in  doubt  how  much  this  static  load  should  be  increased  to  closely  represent 
the  dynamic  load  from  the  moving  train. 

It  is  on  the  question  how  to  provide  for  this  dynamic  load  of  the 
moving  train  that  the  engineers  who  design  bridges  differ,  and  there  is 
a  wide  field  for  the  investigator  to  determine  by  experiments  and  observa- 
tion what  the  relations  are  between  the  static  train  load  and  the  load 
produced  by  the  moving  train  for  various  lengths  of  spans  and  for  the 
various  members  of  the  bridge.  Such  investigation,  if  carefully  made 
and  of  sufficient  extent,  would  be  of  great  value  to  both  the  designers 
and  the  purchasers  of  bridges.  The  Committee  is  now  making  some 
investigations  in  this  direction  in  connection  with  the  subject  of  impact. 

Two  distinct  methods  are  used  to  provide  for  the  excess  of  the 
dynamic  load  above  the  assumed  static  load.  The  first  method,  which  we 
may  say  has  been  used  ever  since  bridge  designing  became  a  science,  and 
which  is  still  adhered  to  by  many  engineers,  is  to  vary  the  unit  strains 
in  the  different  members  of  the  structure  according  to  some  rule.  Some 
engineers  vary  tlie  unit  strains  according  to  the  relation  between  live  and 
dead   load,   or  total    load   and    dead   load ;    some   use   different  fixed    unit 
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strains  for  the  different  members  of  the  structure;  and  some  use  different 
unit  strains   for   live  load  and   for  dead  load. 

The  second  method,  which  has  lately  found  favor  with  and  has  been 
adopted  by  many  of  the  American  engineers,  is  to  use  a  constant  unit 
strain  for  the  same  grade  of  material  and  provide  for  the  dynamic  effect 
of  the  load  by  increasing  the  static  live  load  strains  according  to  impact 
formulas. 

This  last  method  seems  to  be  the  most  rational,  as  it  treats  the  dynamic 
increment  of  the  load  as  a  load,  and  not  as  a  decreased  strength  of  material. 

It  has  been  thoroughly  demonstrated,  by  experiments,  that  when  a 
piece  of  iron  or  steel  is  strained  above  its  elastic  limit,  but  below  its 
ultimate  strength,  it  will  finally  break  if  the  strain  is  repeated  a  sufficient 
number  of  times,  and  that  the  nearer  this  strain  is  kept  to  the  elastic  limit 
the  larger  is  the  number  of  repetitions  of  the  strain  that  are  required  to 
break  the  piece,  and  that  when  this  repeated  strain  is  close  above  the 
elastic  limit  the  number  of  repetitions  required  to  break  the  piece  rapidly 
approaches  infinity'.  It  is  therefore  reasonable  to  assume  that  a  piece 
strained  below  the  elastit  limit  will  stand  any  number  of  repetitions  of  the 
strain   without  being  injured  or  reduced  in  strength. 

Prof.  Bauschinger  made  numerous  carefully  conducted  and  therefore 
valuable  experiments  on  the  strength  of  materials.  The  conclusions  made 
from  his  experiments  are  summed  up  on  pp.  166-169,  in  "Structural  Me- 
chanics," by  Prof.  Charles  E.  Greene,  as  follows : 

"(a)  The  yield  point  is  always  immediately  raised  to  that  load  with 
which  a  bar  has  been  stretched.  During  a  following  period  of  rest,  more- 
over, the  yield  point  rises  above  the  greatest  load  with  which  the  bar  has 
been  stretched,  quite  noticeably  in  one  day,  and  continues  to  rise  for  weeks 
and  months.  (A  bar  must  then  experience  some  readjustment  of  particles 
after  strain,  in  the  interval  of  rest.) 

"(b)  The  true  elastic  limit  (limit  of  proportionality  of  change  of 
length  to  stress  producing  it),  is  lowered,  often  to  zero,  by  stretching  the 
bar  beyond  the  yield  point ;  so  that  the  specimen,  if  tested  again,  imme- 
diately after  stretching  and  removal  of  load,  has  no  true  elastic  limit,  or 
a  remarkably  low  one.  But  in  a  following  period  of  rest,  the  elastic  limit 
rises  again ;  it  reaches,  after  several  days,  the  load  with  which  the  bar 
was  stretched,  and,  after  sufficient  time,  certainly  after  some  years,  it 
is  raised  even  above  the  load. 

"The  distinction  in  behavior  between  elastic  limit  and  yield  point 
is  quite  wide.  C.  A.  Marshall  did  not  find  that  the  elastic  limit  was 
lowered  by  the  action  of  a  stress  exceeding  the  yield  point,  provided  the 
highest  load  was  allowed  to  act  long  enough  to  produce  its  full  extension. 

"(c)  The  true  elastic  limit  is  raised  by  pulling  a  bar  with  loads 
above  the  elastic  limit  but  below  the  yield  point,  and  continues  to  rise 
after  the  loadings  have  ceased,  and  it  rises  the  more  the  higher  the  load. 
The  elastic  limit  reaches  a  maximum  when  it  has  been  raised  to  near 
the  \neld  point,  and,  by  the  application  of  loads  beyond  the  yield  point,  it  is 
thrown  back  according  to  law    (b)   above. 

"Examples  of  elastic  limits  raised  above  the  original  yield  point,  as 
determined  from  a  duplicate  specimen,  are  not  wanting,  and  it  is  a  rule 
that  the  yield  point  is  considerably  and  unmistakably  raised  by  repeated 
stresses.     Hence : 
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"(d)  By  often  repeated  tensions,  of  magnitude  greater  than  the 
elastic  limit  and  less  than  the  yield  point,  the  original  yield  point  may  be 
raised. 

"(e)  B}^  straining  in  tension  beyond  the  elastic  limit,  the  limit  of 
compression  is  notably  lowered;  that  is,  brought  towards  zero;  and,  con- 
versely, by  similar  straining  in  compression,  the  elastic  limit  for  tension 
is  lowered.  The  higher  the  stresses,  the  greater  the  change.  When  an 
elastic  limit  so  lowered  is  raised  again  by  stresses  in  like  direction  and 
is  then  overstepped,  the  elastic  limit  for  the  opposite  stress  falls  at  once 
to  zero  or  almost  to  zero.  A  rest  of  two  or  three  days,  and  even  weeks, 
has  but  little,  if  any,  influence  on  these  processes.  C.  A.  Marshall  found, 
however,  that  the  elastic  limit  in  compression  for  small  steel  rounds  was 
completely  restored  by  a  rest  of  eighteen  months,  after  the  rods  had  been 
stretched  by  a  load  equal  to  yield  point.  The  bars  showed  even  a  higher 
elastic  limit  and  yield  point  than  could  have  been  found  originally,  viz., 
each  about  41,000  pounds  per  square  inch. 

"(f)  By  gradually  raised  stresses,  alternating  between  tension  and 
compression,  the  elastic  limit  for  the  opposite  stress  cannot  be  lowered 
until  the  stresses  pass  the  original  elastic  limit. 

"(g)  When  an  elastic  limit  for  stress  of  one  sign  has  been  lowered 
by  a  previous  straining  of  the  opposite  sign,  it  can  be  raised  again  by 
gradually  increasing  stresses  alternating  between  tension  and  compres- 
sion, but  only  to  a  limit  which  lies  considerably  below  the  original  elastic 
limit.  The  limit  which  it  is  possible  thus  to  reach  is  thought  to  be  the 
limiting  magnitude  of  equal  and  opposite  loads  which  may  be  borne  with 
safety.  (May  it  not  be  supposed  that  the  material  has  by  the  treatment 
been  relieved  of  the  stresses  set  up  in  the  process  of  manufacture  and 
brought  to  a  normal  state?)  A  member  will  not  be  broken  by  repeated 
reverse  stresses  until  it  is  loaded  up  to  and  beyond  these  new  limits. 

"(h)  Rupture  is  not  caused  by  from  five  millions  to  sixteen  millions 
of  repetitions  of  tensile  stresses  whose  lower  limit  is  zero  and  whose 
upper  limit  lies   in   the  neighborhood   of  the   true  elastic  limit. 

"(i)  By  often  repeated  stresses  between  zero  and  an  upper  stress 
which  lies  near  to,  or  more  or  less  above,  the  original  elastic  limit,  this 
limit  is  raised  beyond,  often  far  beyond,  the  upper  limit  of  the  stresses; 
and  it  is  raised  the  higher,  the  greater  the  number  of  repetitions,  without, 
however,  the  possibility  of  exceeding  a  certain  height. 

"(k)  Repeated  stresses  between  zero  and  an  upper  limit,  such  as 
may  raise  the  original  elastic  limit  above  the  higher  stress,  do  not  produce 
rupture.  If,  however,  the  upper  limit  lies  so  high  that  the  elastic  limit 
can  not  be  raised  beyond  it,  then  rupture  must  follow  after  a  limited 
number  of  such   stresses. 

"This  statement  is  more  general  than  the  earlier  one,  that  the  limiting 
safe  stress  lies  just  below  the  yield  point.  Although  the  yield  point 
may  rise  during  an  endurance  test,  and  the  elastic  limit  may  rise  even 
above  the  original  yield  point,  and,  if  repeated  continuously,  rupture  will 
finally  occur.  It,  however,  appears  to  be  possible  to  begin  with  a  rightly 
chosen  load,  and  to  gradually  increase  jt  as  the  repetitions  proceed,  keep- 
ing at  all  times  below  the  rising  yield  point,  without  producing  rupture. 
In  most  jiractical  cases  such  treatment  can  not  be  applied.  The  yield  point 
is  easily  determined  for  most  specimens  of  iron  and  steel,  while  the 
trial  to  raise  the  elastic  limit  is  slow,  difficult  and  expensive. 

'"(1)  The  ultimate  tensile  strength  is  not  lessened  by  millions  of 
repetitions  of  stress,  but  is,  if  anything,  raised,  when  the  test  piece,  after 
such  repetitions,  is  broken  by  a  quiet  load. 
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"(m)  Stresses  repeated  millions  of  times  on  iron  and  steel  cause 
no  alteration  of  structure. 

"The  alteration  of  structure  which  is  found  at  the  surface  of  rupture 
of  a  bar  broken  by  repeated  stresses  appears  to  be  confined  to  the  frac- 
tured surface  itself,  as  has  been  directly  proved  by  etching  the  fractured 
surfaces.  At  the  minutest  distance  below  the  surface  of  fracture,  the 
original  structure  is  again  evident.     Hence  the  above  statement. 

"There  is,  however,  a  peculiar  marking  which  appears  on  the  surface 
of  a  polished  specimen  while  being  stretched  beyond  the  yield  point,  which 
amounts  to  an  indication  of  final  failure,  and  shows  that  the  specimen 
has  passed  the  yield  point. 

"This  evidence  of  no  alteration  of  structure  confines  the  idea  of  the 
'fatigue  of  metal'  to  cases  in  which  complete  recovery  from  stretch  never 
takes  place  upon  removal  of  stress.  Instead  of  metal  being  fatigued,  or 
being  brought  nearer  to  rupture  by  working  stresses  well  below  the  limit 
given  in  (g),  it  is  really  improved  in  tenacity  and  elasticity,  while  the 
ductilitv  is  not  notably  decreased  unless   there  are  flaws. 

"Fractures  by  repeated  loadings  below  the  apparent  yield  point  of 
the  metal  as  a  whole  are  always  detail  breaks.  Continuity  is  destroyed 
first  at  a  flaw,  or  an  overstrained  spot,  and  from  that  point  the  fracture 
spreads  by  every  minute,  successive  encroachment,  until  it  has  so  weakened 
the  cross-section  that  large  inequalities  of  stress,  amounting  to  the  same 
thing  as  a  cross-breaking  stress,  are  produced  in  the  yet  sound  portion, 
and  the  piece  breaks  with  a  fracture  of  the  remainder,  resembling  that 
produced    by  nicking  and   breaking   by   bending. 

"When  there  is  time  for  the  metal  to  rest,  the  piece  assumes  its 
former  state.  If  it  be  strained  up  to  the  elastic  limit  in  tension  and  then 
allowed  to  rest,  it  can  be  strained  safely  afterwards  to  the  elastic  limit 
in  compression.  When,  however,  the  stresses  repeatedly  alternate  be- 
tween compression  and  tension,  plus  and  minus,  the  algebraic  diff'erence 
must  be  taken  in  determining  the  maximum  allowable  or  limiting  stress, 
which  is  the  same  as  taking  the  numerical  sum  of  the  safe  stress  or 
necessary  section.  Experimental  evidence  seems  to  show  that,  for  con- 
tinued repetitions  of  stress,  such  sum  or  range  can  not  ever  exceed  with 
safety  the  difference  between  zero  and  the  elastic  limit  in  either  direction. 
Periods  of  rest  between  the  intermediate  applications  of  reverse  stresses 
change  the  rule  and  permit  the  higher  stresses.  So,  some  structures  and 
some  pieces  will  endure  safely  higher  stresses  than  others.  The  beginner 
should  fix  in  his  mind  that  pieces  and  parts  frequently  subjected  to 
rapid  change  of  stress  in  magnitude  and  sign  must  be  exposed  to  far 
lower  unit  stresses,  if  the  life  of  the  piece  is  of  consequence." 

If,  therefore,  all  the  possible  strains  with  their  dynamic  increment 
to  which  the  various  members  of  the  structure  will  probably  be  subjected 
are  found,  and  if  such  perfect  workmanship  is  possible  that  each  piece 
in  a  member  is  strained  equally  per  unit  with  every  other  piece  in  the 
same  member,  and  the  material  is  free  from  defects,  then  it  would  be 
safe  to  use  a  unit  strain  equal  to  that  required  to  strain  the  member  up 
to  the  elastic  limit.  The  material  may  have  defects  not  discovered  by 
the  inspection  and  the  workmanship  is  not  perfect.  The  pieces  forming 
the  member  will,  therefore,  not  be  equally  strained  in  the  finished  structure. 
Some  pieces  may  have  to  be  stretched  considerably  before  other  pieces 
take  any  of  the  strain. 
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How  much  additional  section  should  be  allowed  for  these  defects 
in  material  and  workmanship  depends  on  the  care  taken  in  the  manufac- 
turing at  rhills  and  shops  and  on  the  thoroughness  of  inspection.  If  the 
section  is  increased  seventy-five  per'  cent.,  it  seems  reasonable  to  assume 
that  these  defects  have  been  provided  for  very  liberally.  This  would  give 
an  allowable  unit  strain  equal  to  four-sevenths  of  the  elastic  limit. 

The  structural  steel  recommended  by  the  Committee  has  a  true  elastic 
limit  not  less  than  28,000  pounds  per  square  inch  at  the  lower  limit 
for  ultimate  strength.  The  allowable  safe  unit  tensile  strain  based  on 
this  elastic  limit  will,  therefore,  be  16,000  pounds  per  square  inch. 

It  may  be  claimed  that  more  care  is  taken  in  the  manufacture  of 
eyebars  than  riveted  members  and  that  the  material  is  not  as  much  abused 
as  the  punched  material,  and  that  for  this  reason  it  would  be  safe  to 
allow  a  higher  unit  strain  for  eyebars  than  for  riveted  members  made 
of  the  same  grade  of  material.  While  this  is  true,  it  should  also  be 
remembered  that  the  annealing  of  the  eyebars,  which  is  necessary  to  secure 
uniformity  in  the  strength  of  the  bars,  lowers  the  ultimate  strength  and 
elastic  limit  to  some  extent. 

It  is  also  found,  by  tests,  that  the  ultimate  strength  and  elastic  limit 
of  the  net  section  area  of  a  punched  or  drilled  member  is  higher  than 
for  an  equal  net  section  area  of  a  member  not  punched  or  drilled.  Any 
difference  in  unit  strain  for  the  two  classes  of  members  should,  there- 
fore, not  be  made. 

UNIT    STR-AINS   IN    COMPRESSION    MEMBERS. 

There  is  much  diversity  of  opinion  in  regard  to  unit  strains  for 
compression  members.  Numerous  tests  have  been  made,  the  results 
plotted  on  diagrams,  and  formulas  devised  to  agree  as  closely  as  possible 
with  the  average  of  the  results  of  tests.  Most  of  these  formulas,  when 
reduced  to  the  same  base  unit,  follow  each  other  closely  within  the  limits 
for  length  of  member  divided  by  least  radius  of  gyration  of  cross-section 
of  member  that  are  used  in  good  designing. 

The  attached  diagrams  give  the  allowed  unit  strains,  derived  from 
some  well-known  formulas  for  the  various  relations  of  "1  over  r,"  reduced 
to  a  base  unit  strain  of  16,000  pounds  per  square  inch. 

The  straight-line  formula,  first  proposed  by  Thomas  H.  Johnson,  and 
used,  among  others,  by  Theodore  Cooper  in  his  specifications,  is  very 
simple,  and  gives  values  that  are  no  doubt  as  close  to  the  actual  conditions 
as  any  of  the  other  more  complicated  formulas,  within  the  limits  for 
the  relation  "1  over  r"   used  in  good  designing. 

This  formula  discourages  inexperienced  designers  from  using  long 
and  flimsy  compression  members,  which  they  are  very  apt  to  do  when 
they  use  a  formula  which  will  allow  comparatively  high  unit  strains  for 
high  values  of  the  relation  "1  over  r." 

The  earlier  formulas  always  made  a  distinction  between  members 
with  pin  end  connections  and  members  with  riveted  end  connections,  but 
the  later  formulas  make  no  such  distinction. 
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A  member  with  pin  end  connections  is  not  as  rigid  as  a  member  with 
riveted  end  connections ;  but,  on  the  contrary,  pin  connections  do  not 
transmit  the  secondary  bending  strains,  caused  by  the  deflection  of  the 
structure,  to  their  member  as  much  as  riveted  connections.  It  seems,  there- 
fore, as  if  the  advantage  of  stiffness  in  a  member  with  riveted  end 
connections  is,  at  least  to  some  extent,  counterbalanced  by  the  disadvan- 
tage of  transrriitted  bending  strains,  and  that  there  is  practically  no 
difference  in  strength  between  the  two  members,  if  of  same  section  but 
with  the  above  difference  in  end  connection. 

Our  knowledge  is  still  limited  in  regard  to  the  effects  of  alternating 
and  combined  strains.  As  the  members  subject  to  these  strains  are  very 
few  in  an  ordinary  structure,  we  can  afford  to  be  liberal  with  material 
in   proportioning   them. 

The  larger  number  of  bridges  are  of  so  short  spans  that  the  lateral 
and  sway  bracing  should  be  proportioned  to  resist  the  effect  of  the  swing- 
ing and  swaying  of  the  trains  rather  than  the  effect  of  the  wind  pressure. 
The  term  "wind  bracing"  is  misleading,  except  for  long  spans.  There 
is  no  reason  why  the  unit  strains  allowed  on  these  parts  of  the  structure 
should    be   different   from    those   previously   given. 

The  rivet  steel .  recommended  by  the  Committee  has  a  true  elastic 
limit  of  not  less  than  24,000  pounds  per  square  inch  at  the  lowest  limit 
for  ultimate  strength.  Reducing  this  strength  at  the  elastic  limit  the 
same  proportional  amount  as  for  structural  steel,  we  get  a  unit  strain 
of  13,700  pounds  per  square  inch  for  tension,  which,  to  obtain  the  shearing 
strength,  must  be  reduced  again  with  about  one-fifth,  giving  11,000  pounds 
per  square  inch   for  shearing  value   of  rivets. 

The  bearing  value  is  usually  assumed  to  be  twice  the  shearing  value, 
and  would  here  be  22,000  pounds  per  square*  inch. 

The  same  values  for  shearing  and  bending  on  pins  are  recommended, 
based  on  the  reasoning  that,  although  the  material  has  greater  strength 
in  pins  than  in  rivets,  the  rivets  fit  closer  against  the  sides  of  the  holes 
than  the  pins  do. 

Experience  has  proven  it  safe  to  increase  the  unit  strain  for  bending 
in  pins  50  per  cent,  above  the  unit  strain  in  riveted  work  and  eyebars,  and 
the  Committee  has  therefore  recomm.ended  24,000  pounds  unit  strain  for 
the  bending,  in  pins. 

The  units  recommended  for  shearing  in  plate  girder  web,  bearing  on 
masonry  of  various  kinds- and  bearing  on  expansion  rollers,  given  in  Bulle- 
tin 33,  are  such  as  experience  has  shown  to  be  safe. 

Following  the  diagrams  of  compression  formulas  are  some  tables 
compiled  from  late  specifications,  classified  according  to  the  way  in  which 
the  base  unit  strain  is  derived.  These  tables  show  the  practice  of  53 
American  railroads  and  8  foreign  countries.  They  give  the  grade  of 
steel  used,  the  method  of  allowing  for  impact,  the  tensile  unit  and  the 
base  of  the  compression  formula,  as  well  as  the  type  of  compression 
formula,  i.  e.,  whether  straight  line  or  Rankine.  They  also  show  the 
date  on  which  the  specification  consulted  was  issued. 
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DIAGRAM    OF    FORMULyE    REDUCED    TO    16,000    BASE    LIMIT. 
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The  President : — In  discussing  any  question  that  may  come 
up  to-day,  I  want  to  repeat  what  has  been  said  many  times  before, 
that  inasmuch  as  many  of  the  members  of  the  convention  are  not 
known  to  one  another,  the  chair  would  ask  that  any  member  who 
gets  up  to  make  remarks  will  state  clearly  his  name  and  the  name 
of  the  road  with  which  he  is  connected,  previous  to  making  the 
remarks,  and  to  do  this  each  time. 

I  will  call  on  the  chairman  of  the  Committee  on  Iron  and  Steel 
Structures,  Mr.  Snow,  to  make  any  opening  remarks  which  he 
desires  to  make  in  connection  with  this  report.  Before  he  begins, 
I  would  extend  the  privilege  of  the  floor  in  discussion  to  any 
bridge  engineers,  or  any  members  of  the  American  Society  for 
Testing  [Materials,  or  manufacturers  of  iron  and  steel  structures, 
who  may  be  present.  Of  course,  such  persons  will  refrain  from 
voting  or  exercising  any  other  privilege  than  that  of  joining  in 
the  discussion. 

]\Ir.  J.  P.  Snow  (Boston  &  Maine)  : — Your  Committee  on 
Iron  and  Steel  Structures  begs  to  submit  its  report,  the  important 
features  of  which  are  published  in  Bulletin  No.  33,  which  you 
have  before  you.  Aside  from  what  is  there  published,  the  Com- 
mittee has  collected  a  large  mass  of  material  on  the  subject  of 
reaming  and  punching,  and  arguments  which  led  up  to  the 
schedule  of  unit  strains  which  are  suggested  in  the  report ;  but 
this  matter  is  too  bulky  to  present  here,  and  it  is  not  good  ma- 
terial to  discuss  on  the  floor,  and  hence  we  propose  to  have  it 
published  in  the  Proceedings  as  a  part  of  our  ultimate  report. 
The  real  meat  of  the  report  you  will  find  under  the  heading  of  this 
Committee  as  it  appears  in  the  pamphlet  program,  namely : 
"The  report  covers  specifications  for  material  and  workmanship, 
and  a  schedule  of  unit  strains,  together  with  progress  reports  on 
live  loads,  impact  allowance,  reaming  experiments  and  details  of 
design.  Fifty-thousand-pound  steel  is  recommended  for  rivets, 
and  60,000  pounds  for  all  other  purposes.  A  range  of  5,000 
pounds  above  or  below  the  desired  ultimate  is  allowed.  No  re- 
quirement is  made  for  elastic  limit,  but  the  yield  point  is  to  be 
given  with  test  reports.  Bending  tests  on  full  thickness  of  ma- 
terial are  required.  Except  where  general  reaming  is  called  for. 
plain  punching  of  material  under  five-eighths  inch  thickness  is 
allowed,  but  reaming  and  drilling  are  provided  for  in  thicker  ma- 
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terial.  Flat  unit  strains,  based  on  16,000  pounds'  tension,  are 
given  with  the  intention  of  ultimately  recommending-  an  impact 
formula,  which  will  render  live  load  comi)Utable  as  static." 

It  will  be  remembered  that  last  year  this  Committee  failed  to 
agree  on  the  very  important  features  of  the  grade  of  steel  to 
recommend,  l)ut  this  year  we  have  agreed  on  a  grade  which,  in  the 
present  state  of  steel  manufacture,  we  consider  to  be  the  best 
adapted  for  the  purpose  of  building  ordinary  bridge  structures. 
We  hope  that  the  Association  will  sustain  us  by  approving  this 
report,  understanding  that  the  different  items  may  be  modified 
and  improved  in  the  future  as  experience  may  seem  to  demand. 

Since  JUilletin  No.  t,t,  was  printed,  your  Committee  have  met 
in  consultation  with  a  committee  of  the  American  Society  for 
Testing  Materials,  and  with  representatives  from  a  number  of 
important  steel  manufacturing  concerns,  and  we  have  decided  -to 
change  a  few  items  of  the  report  as  there  printed.  I  will  read 
the  items  which  we  desire  to  change :  For  paragraph  3,  under 
the  heading,  "Specifications  for  Material  and  Workmanship  for 
Steel  Structures  and  Schedule  o€  Unit  Strains,"  substitute, 
"Tensile  tests  of  steel  showing  an  ultimate  strength  within  5,000 
pounds  of  that  desired  will  be  considered  satisfactory,  except  that 
if  the  ultimate  strength  varies  more  than  4,000  pounds  from 
that  desired,  a  retest  shall  be  made  on  the  same  gage,  which,  to 
be  acceptable,  shall  be  within  5,000  pounds  of  the  desired  ulti- 
mate." 

Tiiat  means  practically  the  same  as  the  matter  in  the  printed 
paragraph,  except  that  w^e  require,  under  the  new  reading,  only 
one  retest,  where  the  printed  paragraph  calls  for  two.  It  is  also 
a  little  shorter.  Paragraph  10  we  desire  to  change  so  that  it  will 
read  as  follows :  "At  least  one  tensile  and  one  bending  test  shall 
be  made  from  each  melt  of  steel  rolled.  In  case  steel  dift'ering 
three-eighths  inch  or  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  metal  rolled." 
In  paragraphs  24  and  25,  which  are  the  tables  of  allowances  of 
variations  from  the  specified  thickness,  we  desire  to  change  the 
heading  of  the  right-hand  column  so  that  it  will  read,  "100  inches 
up  to  115  inches,"  instead  of  "100  inches  and  over,"  retaining 
the  same  limits  of  allowable  variation,  and  to  add  another  column 
for  plates  over   115  inches  wide,   with  a  little  higher  range  of 
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variation.  Under  parag-raph  25  a  similar  change  is  to  be  made  in 
the  last  column,  so  that  it  will  read,  instead  of  saying  "50  inches 
and  over,"  "50  inches  to  70  inches,"  and  an  additional  column 
to  be  added  for  plates  over  70  inches.  Paragraph  29  we  have  de- 
cided to  omit  entirely. 

There  are  a  few  other  minor  changes  which  it  is  not  worth 
while  to  call  attention  to,  as  they  consist  merely  of  the  addition  of 
a  word  or  two  to  limit  or  complete  the  sense.  Yesterday  we  had 
with  us  representatives  from  the  Cambria  Steel  Company,  Penn- 
sylvania Steel  Company,  Maryland  Steel  Company,  the  Carnegie 
Company,  and  the  Illinois  Steel  Company.  I  had  hoped  these 
gentlemen  would  be  here  to  take  part  in  the  discussion  to-day,  but 
I  learn  this  morning  they  have  disappeared,  their  engagements 
being  such  they  felt  the\-  could  not  remain  with  us.  If  anv  of 
them,  however,  should  chance  to  be  here,  I  hope,  as  our  P'resident 
has  stated,  that  they  will  feel  at  libertv  as  visitors  to  help  us  out 
in  the  discussion. 

In  considering  this  rei)ort,  I  beg  to  suggest  that  it  be  treated 
in  three  parts ;  that  is,  the  specifications  for  material,  the  specifica- 
tions for  workmanship  and  the  schedule  of  unit  strains  be  con- 
sidered each  by  itself,  and  each  as  a  unit.  In  fact,  if  the  discus- 
sion is  based  on  the  summary  of  the  report  given  in  the  program, 
which  I  read  a  few  moments  ago,  we  would  not  go  very  far 
astray. 

The  President : — You  have  heard  the  presentation  of  the 
subject  by  the  chairman  of  the  Committee. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — In  view  of  the  fact 
that  this  committee  report  is  the  outcome,  as  I  understand  it,  of 
the  work  of  two  years,  and  the  subject  was  thoroughly  canvassed 
and  gone  into  at  the  last  convention,  and  numerous  circulars  and 
bulletins  and  considerable  correspondence  have  been  issued  in 
the  matter  heretofore,  I  move  the  adoption  of  the  report  as  a 
whole. 

The  President : — Would  you  go  further,  that  the  Association 
put  its  stamp  of  approval  on  the  conclusions  ? 

Air.  Berg: — I  understand  that  to  be  the  case.  The  con- 
clusions contained  in  the  report  ahead  of  the  specifications  show 
what  the  adoption  of  the  report  would  mean,  namely :  "The  fol- 
lowing drafts  of  specifications  for  material  and  workmanship  and 
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a  schedule  of  unit  strains  are  reconiniendod  for  ndnptidii  as  a 
basis  of  uniform  specifications."  - 

The  President : — It  seems  to  me  we  can  get  a  good  deal  of 
vahiablc  information  from  the  discussion  of  this  report,  and  I 
should  like,  so  far  as  I  am  concerned,  to  hear  some,  discussion  from 
the  floor.  If  this  motion  prevails,  the  work  of  this  Committee  is 
done,  and  we  will  have  made  rapid  strides  in  disposing  of  the 
report,  but  will  have  missed  the  benefit  of  the  tliscussion  of  it. 

Mr.  Wm.  R.  Webster  (Consulting  and  Inspecting  Engineer)  : 
— I  seconded  Mr.  Berg's  motion,  but  it  was  not  my  intention  to 
put  off  discussion.  We  want  to  show  that  we  appreciate  what 
has  been  done  by  the  Committee.  Let  us  discuss  the  report,  and 
give  them  the  benefit  of  the  opinions  of  the  members  present,  and 
the\-  can  later  on  make  what  modifications  they  think  necessary 
as  a  result  of  the  discussion. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  think  the  sug- 
gestion of  the  President  in  regard  to  the  discussion  of  this  report 
is  a  wise  one. 

The  President : — The  chair  did  not  mean  to  cast  any  reflection 
on  the  work  of  the  Committee  in  saying  he  thought  the  report 
should  be  discussed. 

Mr.  W.  McNab  (Grand  Trunk)  : — In  order  to  start  the  dis- 
cussion. I  wonld  ask  the  Committee  the  oliject  of  leaving  out 
clause  29.  the  clause  relating  to  the  inspector  stamping  each  ac- 
cepted piece  with  a  private  mark. 

The  President: — There  is  a  nujtitju  before  the  dissociation 
that  the  rejwrt  of  the  Committee  1x3  accepted  as  a  whole. 

"Sir.  Cushing: — I  move  as  an  am.endment.  that  the  suggestion 
of  the  chairman  of  the  Committee  in  regard  to  the  consideration 
of  this  report  be  accepted,  and  that  we  proceed  on  the  lines  he  men- 
tioned— considering  the  report  in  three  separate  parts. 

(Mr.  Berg  accepted  ^Ir.  Cushing's  amendment,  and  the  mo- 
tion was  carried.) 

The  President: — The  specifications  for  material  are  before 
the  Association  for  discussion.  What  is  your  ])leasure  in  regard 
to  the  specifications  for  material  'f  Shall  they  be  considered  as  a 
whole,  or  shall  thev  be  considered  individually  and  in  order? 

Mr.  11.  Ci.  Kelley   (]\linneapolis  &  St.  Louis)  : — I  move  the 
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specifications  be  considered  individually  and  in  order.  This  re- 
port is  too  valuable  to  pass  over  without  discussion. 

(The  motion  was  adopted.) 

The  President: — Specification  No.  i  is  before  you.  "Steel 
shall  be  made  by  the  open-hearth  process." 

Mr.  Gushing: — I  move  its  adoption. 

Mr.  R.  C.  Barnard  (Pennsylvania  Lines)  : — I  would  suggest 
that,  in  order  to  save  time,  this  report  be  handled  in  the  same  way 
as  was  the  report  on  Roadway  yesterday ;  that  is,  if  there  is  no 
objection  to  an  item,  it  be  considered  adopted. 

The  President : — Unless  there  is  objection,  that  course  will  be 
pursued. 

Mr.  Webster: — I  move  that  the  chemical  composition,  as 
recommended  by  the  Committee,  be  accepted. 

(The  motion  was  carried.) 

Mr.  Kelley : — I  would  ask  the  Committee  to  advise  us  as  to 
the  process  of  thought  by  which  they  arrived  at  this  change  of 
ultimate,  and  give  the  Association  some  of  the  reasons  which 
caused  them  to  adopt  the  one  standard  and  place  the  limits  as  they 
are.  I  do  not  say  this  from  any  desire  to  criticise  the  report,  for 
I  think  the  Committee's  knowledge  and  investigation  are  superior 
to  any  I  have  been  able  to  obtain  or  make  personally.  But  I  do 
think  we  should  have  the  benefit  of  the  Committee's  investigation 
into  this  subject.  It  is  a  very  radical  change,  but  I  believe  really 
a  good  one. 

Mr.  Snow : — It  would  be  a  pretty  long  story  to  go  through 
the  whole  process  of  reasoning  by  which  we  arrived  at  this  con- 
clusion. The  matter  has  been  fought  over  in  the  Committee  with 
considerable  vigor  for  the  last  two  years,  and  a  good  share  of  the 
reasoning  is  set  forth  in  Bulletin  No.  29,  which  was  published  last 
October.  The  reasons  came  from  all  over  the  world.  We  culled 
what  we  could  find,  both  from  the  European  Railway  Congress 
and  from  the  literature  of  our  own  country,  and  the  best  minds 
here,  as  we  thought,  claimed  that  a  material  which  was  best  for 
one  part  of  a  bridge  was  best  for  all  parts ;  that  there  was  no 
reason  for  using  a  different  grade  of  material  for  one  part  of  a 
bridge  from  what  was  used  for  another ;  and,  looking  at  the  sub- 
ject from  a  common-sense  point  of  view,  it  seems  to  me  that  if  we 
confine  our  specification  to  a  single  grade,  varying  within  reason- 
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able  limits,  the  manufacturers  will  be  able  to  give  us  a  more  uni- 
form product  than  if  we  call  for  three  or  four  different  grades. 
In  the  latter  case,  the  product'  will  vary  much  more  from  that 
specified  than  it  will  if  the  men  in  the  mills  work  all  the  time  on 
one  grade,  which  they  can  hit  very  closely.  That,  perhaps,  is  not 
much  of  a  reason,  and  I  am  going  to  ask  Mr.  Greiner  to  say  what 
he  thinks  about  it,  because  I  think  he  was  the  first  man  to  put  it  in 
a  specification.  So  far  as  I  know,  Mr.  John  Sterling  Deans,  of 
the  Phoenix  Bridge  Company,  was  the  first  to  suggest  the  idea 
of  a  single  grade  of  steel,  and  this  idea  has  been  gaining  strength, 
until  now  a  large  number  of  the  important  railway  lines  of  the 
country  have  adopted  it.  Mr.  Greiner  has  not  only  used  it  on  his 
road  for  several  years,  but  was  the  first  member  of  the  Committee 
to  express  his  opinion  on  this  particular  item  of  our  report,  and 
he  can  tell  us  how  he  arrived  at  his  conclusion. 

Mr.  J.  E.  Greiner  (Baltimore  &  Ohio)  : — The  main  reason 
why  I  introduced  60,000-pound  steel,  with  a  variation  of  5,000 
pounds,  which  was  specified  in  the  Baltimore  &  Ohio  specifications 
of  1901,  was  because  in  the  previous  specifications  where  we  called 
for  two  grades  of  steel,  both  soft  and  medium,  the  soft  from  52,- 
000  to  60,000,  and  the  medium  from  60,000  to  68,000,  we  in- 
variably got  finished  material  from  the  same  billet ;  and  if  you 
specify  two  grades  of  steel,  and  get  only  one,  what  is  the  use  of 
specifying  two?  We  might  as  well  specify  the  one  and  be  done 
with  it.  The  grade  of  steel  which  runs  from  55,000  to  65,000  is 
about  the  best  grade  for  bridge  work  ;  it  has  all  the  qualities  of  soft 
steel,  and  practically  all  the  qualities  of  medium  steel,  as  we  get 
it.  By  using  the  one  grade,  everybody  will  be  satisfied,  and.  as  I 
said  before,  it  is  just  at  that  limit  that  the  manufacturers  are  fur- 
nishing now.  This  course  will  be  most  satisfactory  to  the  manu- 
facturers ;  it  will  lead  to  a  uniform  standard  of  steel,  and  I  think 
the  manufacturers  will  adopt  this  standard  steel,  if  they  have  not 
done  so,  and  it  will  finally  lead  to  much  less  uncertainty  in  regard 
to  our  bridge  material  if  this  is  universally  adopted. 

Mr.  C.  S.  Churchill  (Norfolk  &  Western)  :— Before  I  have 
any  remarks  to  make,  I  want  to  ask  a  question  of  the  Committee. 
Given  a  steel  of  the  ultimate  strength  of  68,000  pounds ;  elonga- 
tion in  8  inches,  23  per  cent. ;  elastic  limit  or  yield  point,  35,000 
pounds;  bends  on  itself  180  degrees;  another  steel.  58.000  pounds 
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ultimate  strength;  26  per  cent,  elongation;  elastic  limit  or  yield 
point,  30,000  pounds ;  bends  on  itself  180  degrees — I  want  to 
know  which  of  those  two  steels  is  the  better  steel  for  a  bridge — ■ 
which  will  make  the  stronger  bridge,  I  mean  ? 

Mr.  C.  C.  Schneider  (/^merican  Bridge  Company)  : — I  would 
use  60,000-pound  steel  for  all  ordinary  railroad  bridges. 

Mr.  Churchill : — I  ask  the  question  in  order  to  lead  up  to 
some  remarks  I  have  to  make — I  say,  which  material  will  build 
the  best  bridge? 

Mr.  Schneider: — I  should  say  that  steel  with  the  lower  ulti- 
mate strength  would,  in  accordance  with  my  judgment,  give  the 
best  results,  because  of  its  greater  ductility  it  is  a  safer  material. 
The  usual  specimen  tests  prescribed  in  specifications  do  not  al- 
ways reveal  the  true  nature  of  the  material.  A  few  thousand 
pounds  more  or  less  in  the  ultimate  strength  is  of  small  im- 
portance, but  there  is  one  quality  in  particular  which  is  of  the 
utmost  importance,  and  that  is,  the  material  should  be  reliable. 
Only  recently  it  occurred  that  a  member  in  a  riveted  lattice  bridge 
broke  through  a  line  of  rivets  at  a  connection  with  a  granular 
fracture.  The  member  was  taken  out  and  specimen  tests  made 
from  the  material,  which,  to  my  surprise,  came  up  in  every  par- 
ticular to  the  specifications  for  first-class  material.  For  the  infor- 
mation of  the  members  of  this  Association  I  wish  to  state  that 
your  Committee  has  been  considering  various  simple  tests  by 
which  that  kind  of  unreliable,  brittle  material  might  be  detected, 
but,  owing  to  the  lack  of  sufficient  experiments,  were  not  ready  to 
embody  the  same  in  the  specifications. 

Mr.  Churchill : — If  you  had  a  material  of  the  kind,  I  have 
not  had  a  record  of  it. 

Mr.  Schneider : — I  have  had  records. 

Mr.  Churchill : — Can  you  give  me  a  sample  ? 

Mr.  Schneider : — As  a  member  of  your  Committee  on  Iron 
and  Steel  Structures,  which  recommends  the  use  of  one  grade  of 
steel  of  60,000  pounds  ultimate  strength,  I  have  made  several 
arguments  heretofore  in  favor  of  that  grade  of  steel ;  they  are 
printed  in  Bulletin  No.  29,  to  which  I  would  refer  those  who  may 
be  interested  in  this  matter. 

Mr.  Churchill : — As  I  understand  this  matter,  the  results 
have  been  brought  about  by  compromise,  but  it  struck  me  the 
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compromise  has  been  too  great.  While  not  wishing  to  go  into 
long  details,  I  want  to  call  attention  to  what  has  led  up  to  these 
two  grades  of  steel,  if  you  please.  Many  roads  have  to-day,  as 
they  had  some  years  ago,  an  iron  specification  for  bridge  work. 
There  followed  the  manufacture  of  soft  steel,  and  the  manufac- 
turers were  very  willing  to  furnish  the  soft  steel  under  exactly 
the  same  specifications  and  the  same  working  stresses,  and  at  the 
same  or  less  cost  than  iron,  and  the  soft  steel  or  rivet  steel  came 
to  be  used,  especially  in  the  eastern  section  of  the  country,  as  an 
alternate  for  iron  under  the  same  specifications,  the  same  working 
stresses  in  every  respect.  Therefore,  the  soft  steel  was  simply  an 
alternate  for  iron  in  the  proportioning  of  thf  structure.  I  do  not 
regard  it  as  a  second  grade  of  steel  at  all.  It  is  rivet  steel.  We 
must  have  rivet  steel  anyway.  The  soft  steel  is  the  same,  prac- 
tically, as  the  rivet  steel.  Now,  the  next  step  was  to  get  a  steel 
that  would  give  us  a  stronger  structure  in  which  we  could  use 
higher  working  strains,  20  per  cent,  higher  than  that  of  iron,  for 
example.  In  order  to  get  a  steel  that  would  produce  that  result 
we  need  one  of  greater  ultimate  strength,  and  especially  a.  greater 
yield  point.  So,  many  roads  have  continued  to  require  68,000  to 
70,000  pounds  as  the  maximum  of  ultimate  strength,  and  35,000  as 
about  the  minimum  elastic  limit.  Now,  I  contend,  and  I  think 
there  are  many  others  with  me,  that  a  steel  ranging  60,000  to 
68,000  pounds,  having  a  minimum  elastic  limit  or  yield  point  of 
35,000  (that  is  the  factor,  after  all — the  yield  point,  as  near  as 
you  can  determine  it),  is  the  material  that  can  be  used  in  a  bridge 
under  higher  working  strains  than  the  material  that  is  below 
60,000.  Now,  that  is  the  only  point  I  wish  to  make.  I  think  that 
this  compromising  has  brought  this  limit  down  too  low.  We 
must  have  two  materials  in  steel  anyway.  As  I  said  a  few  min- 
utes ago,  the  rivet  steel  was  simply  a  substitute  for  iron,  nothing 
more ;  treated  like  iron,  punched  like  iron,  handled  like  iron.  The 
medium  steel,  on  the  other  hand,  is  reamed.  Nobody  that  I  know 
of  has  used  it  any  other  way.  It  is  handled  in  a  different  man- 
ner. It  is  subject  to  greater  working  strains.  We  proportion 
our  bridges  with  greater  working  strains ;  therefore,  if  we  go  back 
to  60,000  as  the  basis  for  our  steel,  then  we  must  lower  our  work- 
ing strains.  In  other  words,  we  are  not  getting  as  good  material ; 
we  can  not  build  as  strons:  a  bridcfe  with  the  same  amount  of  mate- 
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rial  used  therein ;  and,  going  back  over  the  arguments  of  the  Com- 
mittee, it  seems  to  me  too  much  yielding  has  been  made  on  the  side 
of  the  manufacturers.  It  seems  in  the  argument  at  some  places  as 
if  they  had  unintentionally,  I  think,  brought  out  points  that  often 
come  up  in  railroad  work,  wherein  one  can  not  make  any  results 
strictly  accurate.  The  ultimate  strength  here  has  been  shown  to 
be  variable  by  the  same  amount.  Very  well ;  if  the  best  knowledge 
and  the  best  skill  of  a  tester  have  got  those  results  on  steel  in  dif- 
ferent tests,  why  should  we  not,  as  engineers,  always  be  on  our 
guard  to  get  the  highest  grade  of  material  in  every  respect?  I 
grant  you  that,  in  testing  material,  there  is  a  variation.  The  per- 
sonal equation  is  very  large.  The  worst  case,  probably,  is  in  the 
cement  test.  There  is  a  bad  personal  equation  always  until  we 
get  skilled  men  and  appliances.  There  is  a  good  deal  of  this  in 
testing  the  elastic  limit,  and  I  see  the  Committee  have  ruled  that 
out  apparently.  I  suppose  that  is  unintentional.  I  think  that  the 
adoption  of  Mr.  Schneider's  proposition,  1,500,000  divided  by  the 
ultimate  tensile  strength  equals  elongation  in  8  inches,  is  an  ex- 
cellent addition  to  the  paragraph ;  but  without  wishing  to  contend 
as  to  the  action  of  the  Committee,  I  do  think  we  are  going  too  fast 
when  we  make  such  a  large  comp-romise  as  this  in  lowering  the 
strength  of  the  material  which  we  are  hereafter  to  use  in  our 
bridges. 

Mr.  A\^ebster: — I  want  to  ask  Mr.  Churchill  if  he  is  not 
too  high  in  stating  that  the  elastic  limit  on  steel  60,000  to  68,- 
000,  to  be  relied  on,  is  35,000?  Now,  you  can  get  that  in  the 
yield  point  by  the  drop  beam.  Careful  experiments  show  a  piece 
may  have  stretched  two-tenths  of  an  "inch,  but  when  you  rely  on 
the  true  elastic  rule,  I  do  not  think  you  can  safely  go  over  half 
of  the  ultimate  strength.  I  want  to  ask  Mr.  Churchill  if  he  does 
not  agree  with  me  on  that  ? 

Mr.  Churchill : — None  of  my  reports  that  have  been  coming 
in  for  the  last  two  years  have  shown  that.  They  have  all  shown 
it  has  run  over  50  per  cent,  rather  than  under.  Five  years  ago 
the  Pencoyd  Bridge  Company  asked  for  60  per  cent.,  and  appar- 
ently they  got  it  on  material  over  60,000  pounds. 

Mr.  Webster: — None  of  your  reports  have  stated  how  the 
elastic  limit  was  taken.  They  have  been  taken  from  the  drop 
beam  in  every  case.    When  that  high  elastic  limit  was  called  for 
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by  one  of  our  railways,  all  of  the  mauufacturers  except  one  re- 
fused to  bid  on  that  steel.  That  company  took  the  elastic  limit  by 
the  drop  beam.  We  have  a  lot'  of  worthless  information  on  the 
elastic  limit.  We  had  better  start  afresh.  If  we  take  it,  take  it 
accurately.  Do  not  give  our  young  men  such  information  as  you 
have  in  your  reports,  having  the  elastic  limit '  about  4,000  or 
5,000  pounds  higher  than  the  true  elastic  limit.  I  think  the  Com- 
mittee appreciated  this.  Mr.  Theodore  Cooper  in  his  standard 
specifications  specifies  how  it  shall  be  taken,  with  a  pair  of  di- 
viders. I  know  of  a  case  where  the  inspector,  running  a  testing 
machine  at  the  mill,  refused  to  take  the  elastic  limit  for  the  gov- 
ernment inspector  without  knowing  the  area  of  the  test  piece.  If 
you  will  personally,  when  you  are  at  the  shop,  check  up  the  elastic 
limits,  you  will  see  that  they  are  high.  I  think  Mr.  Schaub,  or 
any  of  the  other  gentlemen  who  took  the  elastic  limit  years  ago 
with  dividers,  will  agree  with  me. 

Mr.  Snow : — I  want  to  state — it  is,  of  course,  the  Committee's 
business — but  since  it  has  been  brought  out  so  prominently,  I  want 
to  tell  you  what  the  compromise  is.  It  has  not  been  stated  just 
right.  If  Bulletin  No.  29  was  carefully  read,  you-  would  see 
therein  what  that  compromise  was.  It  was  this :  All  of  the  Com- 
mittee except  two  agreed  on  60,000  or  65,000.  One  of  the  dissen- 
ters was  myself,  who  wanted  to  make  the  average  57,000,  and 
another  dissenter  wished  to  make  it  62,000.  The  compromise  was 
between  those  two.  That  was  all  the  compromising  that  was 
done.  It  was  between  myself  and  another  member  of  the  Com- 
mittee. I  had  to  go  up,  and  he  had  to  go  down.  I  do  not  want 
the  Association  to  feel  that  this  recommendation  in  the  report  is 
any  compromise  between  the  Committee  and  any  outside  party. 
It  was  all  among  ourselves,  and  if  you  willread  last  year's  report 
you  will  see  that  this  very  same  grade  was  upheld  there  by  a  por- 
tion of  the  Committee,  although  we  failed  to  come  to  an  agree- 
ment. 

In  the  report  will  be  found  a  schedule  which  is  a  canvass  of 
this  Association  as  to  their  preference  for  grades  of  steel.  You 
will  see  there  that  thirty-four  of  the  replies  were  in  favor  of  a  sin- 
gle grade,  averaging  60,000  pounds,  as  we  have  recommended. 
Twenty-three  preferred  a  single  grade,  averaging  62,000.  That 
is    onlv    a    little    higher.      It    is    not    worth    while    to    speak 
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about  1,000  or  2,000  in  the  ultimate  strength  of  the 
material.  It  does  not  make  any  difference.  The  rest 
of  the  votes  were  scattered,  you  might  say,  so  that  quite  a 
majority  of  the  members  of  this  Association  voting  on  this  ques- 
tion, put  to  them  before  this  report  was  written,  have  voted  in 
favor  of  this  very  limit  which  we  recommend.  The  compromise 
feature  is  not  in  existence. 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines)  : — I  agree  with 
Mr.  Churchill's  remarks,  and  I  find  in  looking  at  the  canvass  that 
we  voted  pretty  close  to  the  same  thing.  I  was  in  hopes  when 
Mr.  Greiner  got  up  that  I  might  hear  some  reasons  why  I  should 
change  my  opinion.  If  he  had  consulted  Bulletin  No.  29,  I  would 
have  felt  that  his  reasons  were  a  little  stronger,  but  his  whole  rea- 
son for  adopting  one  grade  of  steel  was  that  he  could  not  get  two, 
and  therefore  he  wants  one.  We  have  all  been  fighting  for  a  bet- 
ter quality  of  rail  for  a  long  time.  We  think  we  have  accom- 
plished something  at  some  of  the  mills,  but  not  at  others.  We  did 
not  get  it  by  saying,  "If  the  mills  do  not  give  us  good  rail,  there- 
fore we  will  take  a  bad  rail."  What  we  want  to  do  is  to  set  our 
ideal  of  what  should  be  done  and  fight  for  it.  I  think  that  this 
compromise  arrangement  is  the  result  of  those  who  are  afraid 
to  leave  the  wrought  iron.  If  we  are  going  to  have  steel,  we 
want  it.  If  we  are  going  to  have  wrought  iron,  let  us  have  it. 
The  two  grades  of  steel  give  an  opportunity  for  those  who  still 
like  the  wrought  iron  to  get  approximately  what  they  want.  Those 
who  want  the  steel  can  also  have  it  by  having  the  medium  grade 
and  treating  it  as  steel.  I  think  Mr.  Ghurchill's  remarks  are  very 
pertinent  to  the  subject,  and  I  hope  the  fallacy  of  reasoning  on 
the  lines  stated  by  Mr.  Greiner  will  be  readily  seen.  If  we  want 
improvements,  we  must  not  say  that  we  will  take  what  we  can  get ; 
there  is  no  reason  why  we  should  not  campaign  for  something 
better. 

Mr.  Greiner : — I  think  either  the  gentleman  misunderstood 
me  or  is  purposely  misquoting.  I  gave  one  reason  that  he  did  not 
pay  any  attention  to  evidently ;  that  is,  that  I  consider  this  the 
best  grade  of  steel  for  bridge  purposes. 

Mr.  Gushing : — It  is  well  known  that  the  treatment  of  eye- 
bars  by  annealing  destroys  4,000  pounds  of  their  strength.  How 
is  the  Gommittee  going  to  take  care  of  that  condition  ? 
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Mr.  Greiner : — The  pieces  for  eyebars  will  be  tested  after 
annealing. 

Mr.  R.  Modjeski  (Consulting  Engineer)  : — Mr.  Greiner 
stated  that  he  had  in  his  specifications  originally  steel  from  50.000 
to  60,000,  and  from  60,000  to  70,000,  and  that  he  only  obtained 
one  grade  of  steel.    Here  we  have  steel  45,000  to  55,000,  and  55,- 

000  to  65,000.     How  are  we  going  to  obtain  those  two  grades? 

1  would  ask  Mr.  Greiner  if  I  quoted  the  limits  correctly — 50.000 
to  60,000  and  60,000  to  70,000. 

Mr.  Greiner: — Fifty-two  thousand  to  60.000  and  60,000  to 
68,000. 

Mr.  Modjeski : — That  answers  the  same  purpose.  Here  we 
have  two  grades  of  steel,  rivet  steel  and  structural  steel.  45,000 
to  55,000,  and  55,000  to  65,000.  Are  we  going  to  obtain  also  one 
grade  of  steel  for  both  rivet  and  structural  ? 

Mr.  Webster: — I  would  like  to  answer  Mr.  Modjeski.  I 
think  it  might  be  in  order  to  make  a  slight  explanation  here.  If 
the  members  take  into  consideration  that  the  heat  of  steel  rolled 
in  the  three-eighth  plates  will  give  different  results  than  the  same 
heat  of  steel  rolled  in  three-quarter  plates,  you  will  see  that 
that  very  often  explains  why  one  heat  of  steel  vi'iU  be  on  two 
grades  of  steel ;  that  is,  the  thin  plates  being  rolled  into  a  higher 
grade,  and  the  thick  plates  into  the  softer  grade.  Some  of  the 
manufacturers  take  the  position  that  to  raise  the  ultimate  strength 
by  lower  finishing  temperature  does  not  carry  for  all  time ;  there- 
fore, you  should  take  the  same  chemistry,  the  same  heat,  and  roll 
it  on  your  order  of  steel,  irrespective  of  your  tensile  tests  of  dif- 
ferent thicknesses. 

Mr.  T.  L.  Condron  (Consulting  Engineer)  : — Rivet  steel, 
as  we  are  all  aware,  is  an  entirely  different  matter  from  steel  used 
for  any  other  purpose  in  the  bridge.  It  is  made  generally  for  that 
purpose  alone  or  for  extra  soft  firebox  plates.  It  is  a  very  high 
grade  of  soft,  ductile  steel,  of  very  pure  chemistry,  and  so  far  as 
the  bridge  men  are  concerned,  they  will  not  get  the  same  heat 
rolled  into  rivets  that  they  get  rolled  into  their  other  material. 
I  think  this  specification  might  be  considered  the  same  as  if  it 
said  that  the  rivets  shall  be  of  best  iron,  and  the  plates  shall  be 
of  steel ;  that  is,  you  are  dealing  with  two  entirely  different  ma- 
terials, and  the  rivet  steel  would  be  used  only  for  rivets.     Plates 
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and  shapes  will  not  be  made  out  of  rivet  steel,  but  of  structural 
steel,  and  therefore  there  is  no  reason  whatever  for  our  confusing 
the  limits  that  are  given  for  the  ultimate  strength  and  other  prop- 
erties of  rivet  steel  with  those  required  for  structural  steel,  and 
it  rather  confuses  the  Association  to  consider  the  two  together  at 
all.  I  was  the  member  of  this  Committee  who  favored  a  some- 
what higher  ultimate  strength,  the  same  as  Mr.  Snow  favored  a 
somewhat  lower  ultimate  strength  than  was  settled  upon,  and 
the  difference  in  the  result  was  small.  Since  I  stood  up  before  this 
Association  last  year,  I  have  become  a  firm  advocate  of  one  grade 
of  structural  steel.  As  many  know,  a  year  ago  I  stood  before 
you  with  a  different  opinion,  and  I  frankly  confess  that  I  have 
been  converted  to  the  one-grade  idea  after  very  considerable 
study  and  thought  on  the  subject.  The  best  interests  of  railroad 
companies  and  of  the  users  of  bridge  material  will  be  served  by 
our  adopting  in  our  specifications,  as  broadly  as  can  be,  one  uni- 
form grade  of  steel,  so  that  our  manufacturers  can  concentrate 
their  energies  on  producing  that  one  grade  as  uniformly  as  pos- 
sible. At  present,  with  the  two  grades  of  steel  in  such  common 
use,  it  is  a  question  whether  there  is  more  soft  steel  or  more  me- 
dium steel  being  made  and  sold.  The  manufacturers  have  a 
range  for  tensile  strength  of  18,000  to  20,000  pounds  to  furnish 
steel  on,  and  anything  that  they  roll  fits  some  specification.  It 
would  naturally  seem  that  there  is  not  the  need  now  for  the  care 
to  keep  the  product  of  the  furnaces  uniform  that  there  will  be  to 
fit  a  specification  for  one  grade  of  steel.  Then  great  care  will  be 
exercised,  and  if  we  can  have  the  metal  in  our  structures  uniform, 
we  can  more  intelligently  design  our  structures  for  that  steel. 

As  to  whether  average  requirements  should  be  60.000  or 
62,000  is,  after  all,  rather  a  small  matter.  Personally,  I  favored 
62,000  pounds,  on  the  average,  allowing  a  range  of  4,000  above 
and  below  on  the  first  tests  and  5,000  pounds  on  retests,  believing 
it  was  just  as  easy  to  get  it  as  it  was  to  get  the  60,000.  I  still  be- 
lieve that :  but  certainly  in  view  of  the  fact  that  so  many  have 
spoken  in  favor  of  60,000,  I  would  not  hold  out  for  the  small  dif- 
ference. Mr.  Greiner's  statement  that  60,000  pounds  is,  in  his 
opinion,  the  best  steel  for  structures,  I  believe  is  the  opinion  of 
every  member  of  this  Committee.  It  is  not  a  compromise  steel, 
but  each  member  of  the  Committee  believes  that  60,000-pound 
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steel  or  62,000 — I  will  give  my  own  preference  there — is  the  best 
steel.  We  do  not  get  into  the  higher  steel,  where  we  would  have 
trouble  with  cracked  angles  and  cracked  beams,  and  we  do  not 
get  into  the  soft  steels,  where  it  would  be  too  weak. 

Mr.  R.  H.  Reid  (Lake  Shore  &  Michigan  Southern)  : — In 
addition  to  the  report  of  the  Committee  and  the  discussion  here, 
it  seems  to  me  there  are  some  points  that  have  not  yet  been 
brought  out.  One  is  the  fact  that  manufacturers  working 
toward  a  single  grade  of  steel  can  give  us  better  steel  than  when 
working  on  different  grades,  and  while  we  now  propose  a  range 
of  8,000  to  10,000  pounds,  we  can  ultimately  narrow  that  down 
to  3,000  or  4,000,  or  even  2,000.  In  the  grades  of  steel  at  pres- 
ent, soft  steel  ranges  from  52,000  to  62,000,  and  medium  steel 
from  60,000  to  70,000,  but  practically  90  per  cent,  of  the  steel  we 
get  comes  between  60,000  and  62,000;  and  if  they  can  make 
steel  under  two  grades  now  with  90  per  cent,  ranging  between 
60,000  and  62,000,  it  seems  to  me  that  when  they  work  to  a  single 
grade  they  can  make  all  of  it  within  a  range  of  4,000.  When  we 
get  that,  we  will  get  more  uniform  elastic  limit ;  as,  however,  the 
methods  may  vary  in  determining  it,  the  elastic  limit  will  certainly 
be  more  uniform,  and  we  can  design  more  intelligently.  The 
question  of  a  little  lower  unit  strength  in  the  steel  does  not  seem 
particularly  undesirable.  If  we  get  a  little  more  metal  in  a  struc- 
ture, it  will  stand  corrosion  and  the  impact  of  trains  better;  we 
will  have  a  smaller  percentage  of  shock  and  the  resultant  deterio- 
ration. Also,  in  a  lower  grade  of  steel,  I  think  there  is  less  tend- 
ency to  micro-flaws  and  the  spreading  of  defects  in  the  steel. 
There  may  be  some  things  in  favor  of  a  higher  grade  of  steel, 
especially  in  large  structures,  but  these  should  be  taken  by  them- 
selves; they  should  be  regarded  as  special  structures,  and  worked 
out  accordingly.  The  specifications  recommended  here,  as  I  un- 
derstand, are  for  the  general  practice  of  bridges  and  building 
structures,  as  we  find  on  railroads,  and  buildings  in  cities.  Tak- 
ing everything  into  consideration,  it  seems  to  me  that  the  grade 
of  steel  recommended  will  give  us  the  best  results  all  around. 

Mr.  J.  W.  Schaub  (Consulting  Engineer)  : — I  have  been  an 
advocate  of  the  single  grade  of  steel  for  structural  work  a  great 
deal  longer  than  twelve  years ;  and  I  first  came  in  contact  with 
this  question  while  testing  materials  over  twenty  years  ago,  when 
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the  futility  of  trying  to  have  two  grades  of  material  in  the  same 
structure   presented  itself  to  me. 

In  regard  to  the  proper  limits  for  the  ultimate  strength,  I 
think  this  question  is  a  good  deal  like  that  of  the  tariff — a  local 
issue.  In  Europe,  on  the  continent,  where  a  basic  Bessemer 
steel  is  generally  used,  the  ultimate  runs  from  55,000  to  65,000 
pounds;  whereas  in  Great  Britain  the  steelmakers  furnish  an 
acid  open-hearth  steel  ranging  from  60,000  to  70,000  pounds. 
In  the  latter  country  they  principally  use  a  Spanish  ore,  very  low 
in  phosphorus  and  of  a  very  superior  quality;  and  I  believe  the 
success  of  the  British  steelmakers  is  principally  due  to  this  high 
grade  of  material  they  have  been  furnishing,  which  runs  from 
60,000  to  70,000  pounds. 

In  this  country  the  conditions  are  somewhat  similar  to  those 
on  the  continent,  and  it  may  be  that  a  steel  ranging  from  55,000 
to  65,000  pounds  ultimate  strength  may  be  best  suited  to  the  ex- 
isting conditions;  although  I  consider  the  higher  steel  is  the  bet- 
ter steel  for  bridge  work,  everything  else  being  equal. 

In  regard  to  the  elastic  limit,  I  think  within  a  few  years  we 
will  ignore  the  strength  entirely  and  determine  only  the  elastic 
limit.  As  long  as  we  are  designing  our  structures  within  this 
limit,  I  think  the  question  of  elastic  limit  is  very  important.  Mr. 
Webster  and  I  used  to  test  for  the  elastic  limit  years  ago,  and  we 
used  a  pair  of  dividers,  but  we  did  not  get  the  results  we  are  get- 
ting to-day.  I  think  Mr.  Cooper's  specifications  in  that  regard  are 
admirable.  In  my  opinion,  .the  elastic  limit  should  be  obtained 
with  a  pair  of  dividers. 

In  Cooper's  specifications  I  will,  with  your  permission,  read 
what  he  says  on  that  subject :  "For  the  purpose  of  these  specifi- 
cations the  elastic  limit  will  be  considered  the  least  strain  pro- 
ducing a  permanent,  visible  elongation  in  a  length  of  eight  inches, 
as  shown  by  scribe  marks  of  a  pair  of  finely-pointed  dividers.  If 
the  yield  point  or  drop  of  beam  can  be  calibrated  for  any  machine, 
or  its  speed  to  represent  the  elastic  limit  within  5  per  cent.,  it  may 
be  used  for  general  cases.  Test  reports  must  show  by  which 
method  the  elastic  limit  Avas  determined." 

Air.  Gushing : — I  have  become  an  advocate  of  one  class,  un- 
der Mr.  Schaub's  specifications — 60,000  to  70,000. 

Mr.  Churchill : — I  will  sav  that  I  also  agree  with  that. 
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Mr.  C.  F.  Lowcth  (Chicago,  Milwaukee  &  St.  Paul)  : — I  am 
in  favor  of  one  grade  of  steel.  Practically  speaking,  that  is  all 
that  the  mills  are  furnishing  to-day.  But  I  am  not  in  accord  with 
the  report  of  the  Committee  respecting  the  ultimate  strength  of 
this  single  grade;  in  my  opinion  55.000  to  65,000  pounds  is  too 
low. 

When  steel  was  first  used  for  bridges  a  much  harder  steel 
was  used  than  would  now  be  permissible,  and  it  was  not  so  skill- 
fully made  nor  as  reliable  as  at  present,  and  naturally  there  were 
some  failures,  but  the  high-strength  structural  steel  of  to-day  is 
a  reliable  product,  and  I  believe  the  experience  of  those  who  have 
been  using  steel  with  an  ultimate  strength  of  from  60,000  to 
68,000  pounds  will  bear  out  the  statement  that  it  is  a  safe  and 
satisfactory  material  for  bridges.  Personally,  I  am  in  favor  of 
using  steel  of  about  an  average  strength  of  62,000  pounds,  and 
reaming  rivet  holes  and  planing  edges  whenever  necessary. 

It  is  stated  that  the  higher  strength  steel  is  injured  in  punch- 
ing and  other  shop  manipulations,  but  reaming  of  rivet  holes  and 
planing  of  edges  will,  as  a  rule,  remove  any  permanent  injury, 
and  the  specifications  proposed  by  the  Committee  practically  ac- 
complish this.  The  specifications  require  that  all  material  five- 
eighths  of  an  inch  in  thickness  or  more  shall  have  rivet  holes  sub- 
punched  and  reamed  and  sheared  edges  planed,  and  in  the  ma- 
jority of  railroad  work  these  requirements  will  include  the  greater 
part  of  the  structure,  as,  owing  to  the  heavy  rolling  loads  now'  in 
use,  it  is  seldom  that  girder  flanges  and  other  main  members  have 
plates  less  than  five-eighths-inch  thick. 

It  has  just  been  urged  that  if  our  bridges  are  a  little  heavier 
because  of  the  use  of  softer  steel,  that  the  extra  metal  will,  to 
some  extent,  provide  for  impact  and  depreciation.  This  is  true, 
but  should  we  not  make  provision  for  these  things  in  a  more  ra- 
tional manner? 

Mr.  Kelley : — In  considering  the  (|uestion  of  the  limits  of  the 
ultimate  strength  of  our  steels,  it  seems  to  me  that  we  must  refer 
back  to  our  own  personal  experience.  For  many  years  the  specifi- 
cations for  which  tlie  bridges  have  been  designed  on  the  road  with 
which  I  have  been  connected  have  varied  in  their  limits  from 
58,000  to  66,000  pounds,  and  I  think  I  am  ])erfectly  safe  in  saying 
that  in  all  these  years  75  per  cent,  of  the  tests  have  showm  that  I 
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actually  received  steel  that  varied  from  59,500  to  62,500  pounds, 
and  on  that  basis  all  of  the  structures  have  been  designed.  In 
other  words,  I  accepted  what  I  found  could  be  furnished  by  the 
American  mills  as  a  safe,  reliable  steel,  and  you  will  find  that  those 
limits  I  have  just  mentioned  are  inside  the  limits  recommended  by 
this  Committee.  They  have  placed  the  desirable  limit  at  56,000 — 
4,000.  below  the  60,000 — and  I  question  very  much  whether,  even 
allowing  that  limit,  our  steels  will  run  much  below  what  we  have 
been  receiving  ten  or  fifteen  years,  and  I  believe  this  Association 
is  entirely  safe  in  accepting  the  recommendations  of  this  Com- 
mittee with  respect  to  the  ultimate  strength ;  and  if  any  of  these 
gentlemen  have  been  designing  structures — I  speak  of  the  ordi- 
nary structures — upon  a  unit  stress,  based  on  imaginary  higher 
ultimate  strength,  they  can  simply  reduce  their  unit  stress  slightly, 
1,000  to  2,000  pounds. 

Mr.  Berg : — I  think  the  discussion  of  this  point  is  turning  on 
two  questions,  whether  one  grade  or  two  grades  of  steel  should 
be  used,  and  the  other  on  the  limits,  according  to  whether  one 
grade  or  two  grades  are  to  be  used.  I  move,  therefore,  that  a 
vote  be  taken  whether  one  grade  of  structural  steel  should  be 
adopted,  and  according  to  the  outcome  of  that  vote  the  question 
would  then  turn  on  the  limits.  I  think  that  will  enable  us  to  get 
the  opinion  of  the  members  present.  I  move  that  one  grade  of 
structural  steel  be  adopted. 

The  President: — It  is  moved  and  seconded  that  one  grade  of 
steel  be  adopted.     That  question  is  open  for  discussion. 

Mr.  R.  Montfort  (Louisville  &  Nashville)  :— As  I  under- 
stand it,  that  is  exclusive  of  rivets. 

The  President : — This  is  for  structural  steel  other  than  rivets. 

(The  motion  was  carried.) 

Mr.  Berg: — I  now  move  that  the  limits  as  recommended  by 
the  Committee  in  their  report,  for  one  grade  of  structural  steel, 
be  adopted. 

Mr.  Montfort : — I  will  say  I  am  in  entire  accord  with  Mr. 
Churchill.  I  think  that  the  limit  recommended  by  the  Committee 
is  too  low.  It  is  a  question  whether  you  ream  or  do  not  ream. 
If  my  information  is  correct,  the  cost  of  reaming  is  about  .15  of 
a  cent  per  pound,  but  if  for  .15  of  a  cent  per  pound  we  can  get  a 
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structure  20  per  cent,  stronger,  I  think  we  can  afford  to  invest 
that  .15  and  use  a  higher  steel.     , 

Mr.  Modjeski : — I  am  also  in  favor  of  Mr.  Churchill's  sug- 
gestion in  the  matter.  I  think  the  ultimate  strength  as  specified 
is  too  low.  I  am  entirely  in  favor  of  the  very  bqst  manufacture 
that  we  can  get,  that  is  to  say,  reamed  material  throughout,  and 
under  these  circumstances  we  might  take  advantage  of  a  higher 
grade  of  steel  and  raise  our  unit  stresses.  In  the  unit  stresses  in 
this  specification  the  tensile  strength  is  taken  at  16,000  pounds. 
Mr.  Schneider's  very  excellent  specification  calls  for  17,000,  every- 
thing else  being  equal.  I  think  that  amounts  to  about  5.9  per 
cent,  excess  of  metal  under  the  proposed  specification.  Now,  if 
that  excess  of  metal  is  desirable,  on  account  of  impact,  on  account 
of  giving  more  weight  to  the  bridge,  that  can  be  accomplished  by 
ballasting.    But  to  use  steel  for  ballast  seems  expensive. 

Mr.  Schneider: — Answering  Mr.  Modjeski's  question,  I 
would  say  that  for  ordinary  railroad  bridges  I  would  prefer  a 
little  excess  of  material.  A  unit  strain  of  17,000  pounds,  which 
I  have  been  using  for  62,000  to  70,000  pound  steel,  might  per- 
haps also  be  used  for  60,000-pound  steel ;  as  this  is  a  more  ductile 
and  more  rehable  material,  we  may  be  justified  in  working  a  little 
closer  to  the  elastic  limit. 

Before  your  Committee  came  to  a  final  conclusion  as  to  the 
proper  grade  of  steel  to  be  recommended  for  structural  work, 
many  questions  had  to  be  considered.  One  of  the  most  important 
questions  was  that  of  manufacture. 

Formerly  all  open-hearth  steel  was  made  by  the  acid  process ; 
at  that  time,  I  considered  steel  under  60,000  pounds  ultimate 
strength  unfit  to  be  used  in  any  structure.  For  the  last  ten  years 
the  process  of  making  steel  has  undergone  a  radical  change.  The 
basic  process  is  now  almost  exclusively  used  for  structural  steel, 
and  the  natural,  most  satisfactory  grade  of  steel  which  can  be  ob- 
tained from  a  basic  open-hearth  furnace  is  that  having  an  ultimate 
strength  of  58,000  to  60,000  pounds  per  square  inch.  Another 
reason,  not  mentioned  before,  which  prompted  your  Committee 
in  recommending  this  grade  of  steel,  was  that  we  were  aiming 
to  select  a  grade  of  steel  which  in  all  probability  would  eventu- 
ally be  universally  adopted  for  structural  steel. 
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As  far  as  we  have  been  able  to  ascertain,  the  general  tend- 
ency is  drifting  in  that  direction,  and  several  railroads  which 
formerly  specified  two  grades  of  steel  are  already  contemplating 
a  change  in  their  specifications  to  conform  to  the  recommenda- 
tions in  our  report. 

Mr.  F.  E.  Abbott  (Illinois  Steel  Company)  : — I  might  say, 
for  the  information  of  the  Association,  that  the  Manufacturers' 
Association  have  adopted  the  limits  of  55,000  to  65,000,  in  case 
one  grade  of  steel  is  made  the  standard  or  found  acceptable  to 
the  Association.  If  this  Association  sees  fit  to  accept  the  Com- 
mittee's report  as  written,  it  will  be  in  perfect  accord  with  the 
action  taken  by  the  manufacturers. 

Mr.  Greiner: — It  seems  to  me  that  the  question  at  issue,  as 
to  whether  we  will  use  a  steel  of  60,000  pounds  average,  or  65,- 
000  pounds  average,  or  more,  is  one  of  reaming  or  not.  The  steel 
as  provided  for  in  the  Committee's  report  is  not  supposed  to  be 
reamed  material,  except  over  five-eighths-inch  in  thickness.  It  is 
to  be  treated  the  same  as  we  have  always  treated  soft  steel 
or  wrought  iron,  and  if  you  are  going  to  ream  all  the  material, 
it  would  perhaps  be  better  to  have  a  much  higher  class  of  mate- 
rial ;  but,  as  has  been  brought  out,  the  largest  proportion  of  mileage 
of  roads  in  this  country  who  have  used  steel  would  not  use  reamed 
steel — they  vise  punched  work.  Those  people,  perhaps,  would 
not  go  into  the  expensive  work  of  reaming  unless  they  could  see 
that  they  could  get  better  results,  which  I  can  not  see. 

]\Ir.  Loweth : — That  is  what  I  tried  to  bring  out  a  few  mo- 
ments ago.  I  think  it  is  safe  to  say  that  probably  three-quar- 
ters of  the  material  in  the  flanges  of  the  ordinary  railroad  girder 
bridges  now  being  built  exceed  five-eighths  of  an  inch  in  thick- 
ness, and  under  these  specifications  such  work  would  be  sub- 
punched  and  reamed,  so  that  it  appears  to  me  that  in  any  case  we 
are  up  to  reamed  rivet  holes  for  the  bulk  of  our  bridge  work. 

If,  then,  we  are  to  have  reamed  work  generally,  let  us  use  a 
higher  strength  steel,  adding  a  little  to  the  reaming  if  necessary, 
and  so  make  use  of  the  stronger  material,  together  with  the  bet- 
ter quality  of  workmanship. 

]\Ir.  Greiner : — I  am  afraid  I  can  not  agree  with  j\Ir.  Loweth 
in  regard  to  the  proportion  of  steel  that  is  reamed.  It  is  very  sel- 
dom that  I  have  to  ream  anv  steel  at  all  in  truss  bridges,  and  have 
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very  little  occasion  to  use  anything  over  five-eighths  inch  in  thick- 
ness, except  in  very  heavy  girders. 

Mr.  Snow : — I  wish  to  substantiate  what  Mr.  Greiner  has 
just  said.  In  my  experience  in  designing  bridges  I  do  not  agree 
with  what  Mr.  Loweth  said,  and  I  am  very  sure  that  my  expe- 
rience is  quite  similar  to  most  of  the  roads  in  my  section,  which  is 
New  England,  and  really  the  Eastern  roads  have  been  using  a 
lower  grade  than  this  Committee  specifies.  The  grade  which  we 
have  specified  is  as  high  as  we  want  to  go.  I  realize  that  every- 
body wants  the  grade  of  steel  to  which  he  is  accustomed,  but  if 
we  try  to  cover  the  whole  field,  we  have  got  a  grade,  as  Bulletin 
No.  29  sets  forth,  ranging  by  20,000  pounds,  and  that  is  too  wide 
a  limit  to  use  with  any  one  set  of  specifications  for  designing,  and 
hence  this  grade  which  we  have  brought  out  with  a  good  deal  of 
work,  as  the  result  of  our  very  best  efforts,  it  seems  to  me  is  as 
far  as  Eastern  designers  would  follow,  and  it  is  not  far  from 
what  Mr.  Loweth  recommends.  A  few  thousand  pounds  does 
not  make  any  difference.  His  upper  limit,  as  I  understand,  is 
68,000,  ours  65,000.  That  3,000  pounds  does  not  cut  a  bit  of 
figure  in  the  value  of  bridges,  in  my  opinion. 

Mr.  Webster : — We  should  consider  that  increasing  the  ulti- 
mate strength  3,000  pounds  will  only  increase  the  elastic  limit 
1,500.  If  we  adopt  it,  I  think  the  engineers  will  come  into  line 
and  use  it.  I  do  not  think  Mr.  Abbott  went  quite  far  enough  in 
his  statement.  The  manufacturers,  when  they  heard  one  grade 
of  steel  was  going  to  be  adopted,  thought  55,000  or  65,000  would 
be  adopted  without  question,  and  decided  they  would  use  it;  but 
they  also  provided  another  grade  of  steel  which  the  Committee  has 
reported  on;  the  engineers  who  want  to  use  a  higher  grade  of 
steel  will  be  shut  off  from  using  it,  but  I  do  think  in  the  course  of 
two  or  three  years  they  will  use  the  steel  recommended.  I  think 
the  Committee  has  put  much  more  work  on  the  subject  than  any 
of  you  gentlemen  realize,  and  we  ought  to  indorse  their  views 
and  let  them  quietly  consider  what  has  been  brought  out  to-day; 
then  if,  at  a  later  time,  they  want  to  modify  their  views  and  have 
two  grades  instead  of  one,  they  can  do  so,  or  the  Committee 
might  possibly  advise  the  increase  in  ultimate  strength  later  on. 
But  I  think,  in  consideration  of  the  work  they  have  done,  we 
should  accept  the  grade  they  propose. 
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Mr.  Churchill : — I  would  call  attention  to  the  table.  The 
Committee  used  it  as  an  argument  against  me.  I  wish  to  use  it 
as  an  argument  against  them.  You  will  find  by  the  votes  there 
taken  that  twenty-eight  votes  are  for  a  minimum  of  58,000  pounds 
or  over — a  total  of  twenty-eight  votes  as  against  twenty-two 
votes  for  the  grade  of  steel  that  they  recommend.  I  therefore 
make  an  amendment  to  the  motion  that  the  lower  limit  be  58,000. 

The  President: — Will  Mr.  Berg  and  his  second  accept  that 
amendment,  or  shall  we  vote  upon  it — to  make  the  lower  limit 
58,000  pounds  ? 

Mr.  Berg : — I  prefer  that  my  motion  stand. 

The  President : — It  is  moved  and  seconded  that  the  lower 
limit  for  ultimate  strength  be  made  58,000  pounds  instead  of  as 
recommended  by  the  Committee.  You  do  not  change  the  upper 
limit,  Mr.  Churchill? 

Air.  Churchill : — I  prefer  to  take  the  lower  limit  first.  There 
is  where  the  trouble  is  going  to  come. 

Mr.  W.  W.  Curtis  (Consulting  Engineer)  : — There  is  one 
feature  that  has  not  been  mentioned  at  all  on  which  I  would  like 
to  ask  for  information  from  the  Committee.  A  very  general  spec- 
ification for  the  last  len  years  has  been  that  the  limit  of  variation 
of  8.000  pounds  be  allowed.  Now%  with  an  overlap  in  the  two 
grades  of  steel,  Mr.  Greiner  has  shown  us  we  often  get  exactly 
the  same  steel,  whether  one  grade  or  the  other  be  specified.  If 
the  manufacturers  are  able  to  graduate  their  material  so  closely 
as  to  make  steel  which  is  supposed  to  run  from,  say,  52,000 
to  62,000  pounds,  and  another  from  60,000  to  68,000  pounds,  and 
get  both  between  the  60,000  and  62,000,  it  seems  to  me  it  is  a 
mistake  to  make  a  limit  of  variation  in  any  case  of  10,000  pounds 
in  place  of  8,000.  I  know  the  manufacturers  have  objected  to 
that  time  and  again,  but  then  we  got  the  8,000  pounds  just  the 
same.  Now,  at  the  present  day,  when  we  are  going  to  simplify 
this  thing  by  making  only  one  grade  of  steel,  why  should  we  make 
a  10,000-pound  variation?  The  experience  in  the  past  has  been 
that  if  you  specified  60,000  to  68,000,  you  get  something  in  the 
neighborhood  of  61,000  to  62,000  pound  material — as  a  matter  of 
fact,  generally.  Now  you  are  going  to  specify  possibly  55,000  to 
65,000.  What  are  you  going  to  get?  Are  you  going  to  get  57,- 
000  or  62,000?    I  do  not  believe,  in  the  first  place,  in  the  wisdom 

IS 
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of  the  io,cxx>-pound  variation.  In  the  second  place,  I  would  like 
to  ask  the  Committee,  as  a  matter  of  information,  what  reason 
they  have  for  assuming  that  it  is  necessary  to  allow  even  8,000 
pounds  in  one  grade  of  steel  in  order  to  get  satisfactory  results. 
I  would  like  the  Committee  to  say  why  they  considered  it  neces- 
sary to  go  as  low  as  55,000,  the  lower  limit,  when  they  are  spec- 
ifying material  which  shall  have  an  average  strength  according 
to  the  specification  of  60,000. 

Mr.  Snow : — I  want  to  call  attention  to  the  remarks  Mr. 
Churchill  made,  wherein  he  said,  as  against  twenty-eight  voters 
who  were  in  favor  of  a  lower  limit  of  58,000  or  over,  there  were 
only  twenty-two  in  favor  of  the  grade  recommended  by  the  Com- 
mittee. That,  of  course,  as  it  stands,  is  literally  true  in  a  way; 
but  if  you  will  look  at  the  schedule  you  will  see  that  the  grade  of 
steel  desired  is  placed  at  60,000  pounds.  Now,  the  votes  in  favor 
of  that  average  are  thirty-four  instead  of  twenty-two.  The  two 
columns  there  show,  one  twenty-two  and  the  other  twelve,  and 
average  60,000;  one  has  an  8,000-pound  range  and  the  other 
10,000.  That  is  the  only  difference  there  is  between  them.  That 
settles  the  question  as  to  the  majority  as  represented  in  the  table. 

As  to  the  reason  why  55,000  was  adopted  as  the  lower  limit 
of  our  report,  I  can  only  say,  while  a  portion  of  the  Committee 
thought  that  an  8,000-pound  range  was  sufficient,  others  thought 
that  10,000  pounds  was  no  more  than  right,  and  really  it  is  the 
same  thing.  The  point  that  Mr.  Curtis  brought  out  is  the  vital 
thing.  What  steel.are  we  going  to  get  when  we  specify  55,000  to 
65,000  pounds?  He  states  that  under  a  specification  for  a  little 
higher  grade  he  got  pretty  near  the  lower  limit  of  our  specifica- 
tion, because  it  is  not  so  cheap  to  make  that  low  steel  as  it  is  that 
which  is  a  little  higher.  AVe  shall  get  very  close  to  60,000  reg- 
ularly. 

The  normal  output  of  the  basic  open-hearth  furnace,  accord- 
ing to  the  best  authority,  is  about  58,000  pounds  ultimate,  and  if 
we  put  our  limits  right,  we  are  going  to  get  the  normal  run  of 
the  furnace  without  its  having  to  be  doctored  by  recarburization 
to  get  the  strength  up  higher,  and  so  we  adopted  60,000  as  our 
desired  ultimate,  and  we  allowed  a  range  of  5,000  pounds  each 
way  to  cover  irregularities,  which  arc  unavoidable  in  manufactur- 
ing, as  I  understand.     And  wc  provide  for  a  retcst  in  case  the 
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first  test  comes  up  very  close  to  the  limit,  so  as  to  be  sure  that 
the  material  is  really  within  the  limits  we  asked  for,  and  I  hope 
very  much  that  the  amendment  to  Mr.  Berg's  motion  will  not 
prevail.  I  think  it  would  break  up  the  work  of  the  Committee, 
and  re-open  the  whole  long  controversy. 

Mr.  Reid : — In  adopting  56,000  as  the  lower  limit,  we  will 
not  get  much  steel  as  low  as  that,  any  more  than  we  now  get 
52,000  steel  under  soft  steel  specifications,  or  70,000  steel  under 
medium  specifications.  At  present  we  have  a  range  of  18,000 
pounds  in  the  two  grades,  and  the  effort  is  to  get  a  steel  which  will 
satisfy  both  grades,  which  results  in  60,000  to  62,000.  In  the 
grade  recommended  above,  56,000  to  64,000,  the  effort  will  be  to 
get  a  steel  as  near  the  middle  of  this  range  as  possible  in  order 
to  minimize  retests  and  rejections.  Furthermore,  60,000  steel  is 
the  natural  product  of  the  basic  open-hearth  furnace.  I  think, 
therefore,  that  we  will  be  safe  in  adopting  the  limits  recommended 
by  the  Committee. 

The  President : — Any  further  discussion  on  the  amendment 
that  the  lower  limit  be  58,000? 

Mr.  Webster: — I  think  this  discussion  has  been  very  bene- 
ficial, and  that  the  limit  specified  by  the  Committee  should  prevail. 

Mr.  [Nlodjeski : — I  would  make  an  amendment  to  the  motion. 
I  think  the  Committee  has  spent  a  great  deal  of  time  in  trying  to 
arrive  at  the  very  best  specification,  and  we  do  not  want  to  seal 
this  lower  limit  by  a  vote.  I  would  move  that  the  sense  of  the 
meeting  be  that  the  Committee  take  into  consideration  this  discus- 
sion and  that  the  sense  of  the  meeting  also  be  that  the  lower  limit, 
as  specified  in  their  proposed  schedule,  is  too  low. 

Mr.  President : — I  trust  i\Ir.  Modjeski  will  see  fit  to  with- 
draw that  amendment.  I  think  the  Association  ought  to  put  its 
stamp  of  approval  upon  something,  and  if  we  let  the  matter  go 
from  one  meeting  to  another,  we  will  not  know  where  we  do 
stand.  Almost  any  action  would  be  better  than  no  action,  or  post- 
poning it. 

Mr.  ]**Iodjeski : — I  believed  that  this  specification  was  only  a 
preliminary  one.  as  mentioned  in  the  report.  I  may  have  misun- 
derstood that.     I  will  withdraw  my  motion. 

The  President : — Those  in  favor  of  makingf  the  lower  limit 
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of  ultimate  strength  58,000  pounds  will  so  signify  by  saying  aye; 
contrary,  no.    The  amendment  is,  not  carried. 

Now,  the  question  is  on  the  original  motion,  that  the  limits 
as  recommended  by  the  Committee  be  adopted. 

(The  motion  was  carried.) 

The  President : — That  disposes  of  the  chemical  properties 
and  the  ultimate  strength.  Shall  we  now  devote  our  attention  to 
elongation  ? 

Mr.  Webster: — I  move  that  the  balance  of  the  report  be  ac- 
cepted as  presented  by  the  Committee.  You  have  a  great  many 
more  reports  to  consider,  as  far  as  material  is  concerned,  and  we 
can  not  do  justice  to  it  in  a  meeting  of  this  kind.  The  Com- 
mittee can  do  better  work.  Let  the  members  send  in  written  dis- 
cussions, if  they  have  any. 

The  President: — Mr.  Webster,  please  formulate  that  into  a 
motion. 

Mr.  Webster : — I  move  that  the  other  items  in  the  report  on 
structural  steel  be  accepted  as  recommended  by  the  Committee, 
and  that  wc  also  extend  a  vote  of  thanks  to  the  Committee  for  the 
good  work  they  have  done. 

Mr.  Condron  : — Since  the  matter  of  elastic  limit  has  been 
referred  to  here,  it  would  be  desirable  to  devote  ten  minutes  to 
the  consideration  of  the  subject  of  elastic  limit.  I  think  perhaps 
someone  else  has  something  to  say  on  that  subject.  I  would 
therefore  make  an  amendment  that  the  elastic  limit  be  considered 
for  a  period  of  ten  minutes  in  open  discussion  before  voting  on 
the  motion. 

(The  motion  was  carried.) 

Mr.  Condron : — We  have  omitted  any  reference  to  elastic 
limit  in  these  specifications.  We  have  referred  to  the  yield  point, 
but  the  determination  of  the  elastic  limit  of  steel  is  a  most  valu- 
able experiment.  It  can  not  be  done  in  the  ordinary  commercial 
testing  of  material  as  it  is  being  furnished.  It  will  mean  a  reor- 
ganization of  the  testing  arrangements  in  the  mills  in  order  to 
determine  that  property  of  steel.  The  desirability  of  doing  that 
is  patent  to  everyone.  I  would  not  be  in  favor  of  determining 
the  elastic  limit  with  the  aid  of  sharply-pointed  dividers;  that  is 
a  crude  method  that  went  out  of  use  generally  years  ago,  and  it 
does  not  belong  to  the  testing  of  steel  in  this  day.    If  we  are  going 
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to  determine  the  elastic  limit,  we  should  specify  that  it  be  done  by 
means  of  the  extensometer  and  a  permanent  record  kept;  that  is, 
an  autographic  record  kept.  That  can  be  done,  and  it  is  a  mere 
matter  of  dollars  and  cents  to  do  it.  We  are  not  ready  to  advo- 
cate anything  so  radical  this  year,  but  in  another  year  I  think  it 
would  be  proper  to  do  so.  I  have  had  a  good  deal  of  experience 
in  taking  yield  points  and  quarreling  with  the  other  fellow.  The 
other  fellow  has  as  good  right  to  say,  "That  is  not  the  yield  point," 
as  I  have  to  say  it  is,  and  the  man  representing  the  mills  will  not 
take  any  drop  of  the  beam  as  the  yield  point,  if  it  is  below  the 
requirements  of  the  specifications,  and  if  it  comes  up  to  where  it 
is  inside  of  the  specifications,  that  drop  is  recorded  as  the  yield 
point.  Therefore,  if  we  omit  any  requirement  of  what  yield 
point  shall  be  and  simply  say,  "It  shall  be  recorded,"  you  gen- 
tlemen will  be  getting  some  new  data  on  your  steel,  and  you  may 
find  your  yield  point  recorded  as  varying  from  35  per  cent,  to 
80  per  cent,  of  the  ultimate  strength,  and  you  will  see  you  do  not 
want  to  pay  any  money  for  getting  the  yield  point.  If  we  are 
going  to  determine  the  yield  point,  or  the  elastic  limit,  let  us  spec- 
ify it  shall  be  done  by  the  extensometer,  and  that  a  diagram  be 
taken  of  the  tests. 

Mr.  Webster : — The  elastic  limit  can  be  taken  by  a  pair  of 
sharply-pointed  dividers  without  interfering  with  work  at  all. 
All  that  is  required  is  that  the  inspector,  instead  of  sitting  at  the 
table,  get  up  and  take  the  elastic  limit.  The  unfortunate  part  of 
it  is  that  Mr.  Condron  and  some  of  these  gentlemen  do  not  re- 
member how  we  took  it  twenty  years  ago.  You  have  got  men 
taking  the  elastic  limit  at  the  machines  to-day  who  never  did 
check  the  drop  of  beam. 

Mr.  Modjeski : — I  think  the  elastic  limit  is  one  of  the  most 
important  and  most  characteristic  properties  of  steel,  and  one  by 
which  we  go,  or  ought  to  go,  in  determining  our  unit  stresses, 
and  therefore  we  must  strive  to  obtain  it  in  some  way  or  another. 
I  am  much  in  favor  of  keeping  the  elastic  limit  in  the  specifi- 
cations. 

Mr.  Snow : — I  agree  with  Mr.  INlodjeski  in  thinking  the 
elastic  limit  should  be  known,  but  the  yield  point  does  not  show 
it.  We  get  long  columns  of  yield-point  figures  in  our  test  re- 
ports and  they  do  not  do  us  a  particle  of  good.    The  elastic  limit 
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should  be  known  as  well  as  the  coefficient  of  elasticity;  but  it 
should  be  determined  by  scientific  men,  in  a  scientific  laboratory, 
not  in  a  commercial  testing  place  where  they  work  at  a  high  rate 
of  speed.  The  commercial  testing  tells  us  the  quality  of  our 
steel,  but  the  theoretical  features  should  be  determined  by  scien- 
tific men. 

Mr.  Schaub : — i  would  like  to  make  a  few  more  remarks. 
Twenty  years  ago  we  used  to  get  the  elastic  limit  by  means  of  a 
pair  of  dividers,  and  we  found  that  our  results  were  very  accurate. 
I  think  it  would  be  a  great  pity  if  this  Association  did  not  express 
some  sentiment  in  regard  to  the  elastic  limit,  and  I  think  if  we 
could  in  some  way  adopt  a  specification  that  would  conform  to 
Mr.  Cooper's  ideas,  that  it  would  meet  all  requirements  without 
involving  any  additional  expense, 

Mr.  Condron : — The  quantities  of  material  coming  out  of  the 
mills  to-day  are  larger  than  twenty  years  ago — you  inspected  in 
one  month  less  material  than  we  inspect  in  a  day  at  the  Home- 
stead mills.  That  is  what  fixes  the  price,  and  if  you  are  going 
to  slow  down  testing  in  the  mill,  you  have  got  to  pay  more  for 
your  steel,  and  it  is  just  as  easy  to  get  a  good  autographic  dia- 
gram as  it  is  to  take  an  engine  indicator  card. 

Mr.  Webster: — I  would  like  to  ask  Mr.  Condron  how  long 
it  takes  to  put  that  automatic  device  in?  Mr.  Cooper  states  if 
you  get  by  drop  of  beam  within  5  per  cent,  of  the  elastic  limit 
it  is  acceptable.     Do  you  admit  that  you  can  not  do  this? 

Mr,  Condron: — No. 

Mr.  Webster : — I  might  say  that  the  question  has  been  con- 
sidered for  the  last  three  years,  and  we  might  spend  the  whole  of 
the  day  on  the  subject  and  would  not  arrive  at  anything  satis- 
factory to  all  the  members.  I  think  Mr.  Theodore  Cooper  has 
put  it  in  the  best  shape  for  all  concerned. 

The  President: — We  will  go  back  to  the  original  motion, 
that  the  items  of  the  report  on  structural  steel  be  accepted  as 
recommended  by  the  Committee,  and  that  a  vote  of  thanks  be 
extended  the  Committee  for  their  work.  That  includes  "Ma- 
terial" only,  up  to  "Workmanship." 

INIr.  Schneider: — I  think  it  advisable  to  invite  written  dis- 
cussion from  members  of  the  Association,  to  be  sent  to  the  Com- 
mittee for  their  consideration. 
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(The  motion  was  carried.) 

The  President : — The  question  of  workmanship  of  material 
is  before  the  Association. 

Mr.  Gushing : — I  move  the  recommendation  of  the  Com- 
mittee be  accepted  as  a  whole. 

The  President : — The  question  of  the  recommendation  of 
the  Committee  in  regard  to  unit  strains  is  before  the  Associa- 
tion. 

^Ir.  Hunter  McDonald  (Nashville,  Chattanooga  &  St. 
Louis)  : — I  move  the  adoption  of  that  section. 

!Mr.  Greiner : — In  regard  to  the  unit  strains,  I  think  it  should 
be  considered  that  these  are  nothing  but  suggestions — that  they 
do  not  go  far  enough.  It  was  not  the  intention  of  the  Com- 
mittee to  offer  these  as  something  final.  I  think  a  discussion,  and 
a  written  one,  perhaps,  would  be  better  than  a  vote. 

Mr.  Churchill : — I  do  not  agree  with  that.  I  think  the  tensile 
working  strain  is  too  great  for  the  55,000-pound  material. 

Mr.  Gushing : — I  move  as  an  amendment  that  the  report  be 
accepted  as  a  progress  report  and  submitted  for  written  discussion 
during  the  year. 

Mr.  McDonald : — I  accept  the  amendment,  but  I  understand 
all  reports  are  subject  to  revision  by  the  committees. 

The  President : — Any  action  the  Association  takes  now  can  be 
changed  at  any  time  in  the  future  by  the  Association.  These  com- 
mittees which  we  propose  and  expect  to  continue  will  make  their 
reports  from  year  to  year,  and  if  next  year  they  make  recom- 
mendations in  conflict  wdth  those  of  this  year,  it  is  perfectly  proper 
for  the  Association  to  reverse  its  decision  and  make  a  new  one. 
A  wise  Association  often  does  that. 

Mr.  Schneider : — I  am  prepared  to  vote  against  the  resolution, 
because  we  really  did  not  intend  to  present  that  before  the  Associ- 
ation except  as  a  preliminary  suggestion. 

Mr.  Snow : — I  wish  to  support  the  motion  of  Mr.  Gushing. 
A  good  many  items  connected  with  unit  strains  are  really  yet 
to  be  put  in  the  schedule  which  we  have  not  yet  settled  upon. 
As  Air.  Schneider  said,  this  is  a  preliminary  suggestion.  As  a 
Committee  we  would  be  glad  of  a  discussion  on  this  paragraph. 

Mr.  Berg : — As  a  suggestion  to  the  Committee,  could  not  the 
Committee  change  its  report  under  the  heading  "Unit  Strains,"  by 
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mentioning  what  degrees  of  importance  they  attribute  to  this 
schedule  of  unit  strains,  mentioning  it  as  but  a  prehminary_  hst? 
Then,  if  we  adopt  the  report,  we  will  adopt  it  with  the  understand- 
ing that  it  is  a  preUminary  Hst. 

The  President : — To  be  consistent  with  our  action  before,  the 
Committee  desires  to  modify  the  printed  report,  by  making  a 
report  of  progress  and  extending  an  invitation  for  discussion, 
rather  than  to  present  a  conclusion  on  unit  strains.  That  being 
the  case,  and  to  give  the  Committee  an  opportunity  to  change  its 
report  in  that  way,  as  we  have  done  with  the  other  committees, 
Mr.  McDonald's  motion  would  be  the  proper  one,  instead  of  Mr. 
Cushing's  amendment. 

Mr.  McDonald : — I  move  the  adoption  of  that  section,  if  ac- 
ceptable to  the  Committee. 

Mr.  Cushing : — That  is  acceptable  to  me. 

The  President:- — The  motion  is  that  the  report  of  the  Com- 
mittee on  unit  strains  be  adopted  by  the  Association,  with  the 
modification  suggested  by  the  Committee ;  that  is,  adopted  as  a 
progress  report. 

(The  motion  was  carried.) 

Mr.  Webster : — I  move  that  the  thanks  of  the  Association 
be  tendered  to  the  Committee,  and  especially  to  I\lr.  Snow,  the 
chairman,  for  Bulletin  No.  29.  I  think  it  is  the  best  we  have  had 
in  years. 

Mr.  Snow : — I  hope  this  motion  will  not  prevail.  I  do  not 
think  it  is  a  good  thing  to  establish  a  precedent  of  that  sort.  Mem- 
bers of  the  Association  are  supposed  to  work  for  the  interests  of 
the  Association,  according  to  the  place  they  are  put  in.  I  am  will- 
ing to  do  whatever  I  can  to  bring  forth  good  in  any  place  I  am  put 
in.  I  was  made  chairman  of  the  Committee  against  my  wishes, 
and  I  certainly  do  not  want  to  be  thanked  by  the  members  of  the 
Association  for  doing  only  my  duty.  I  have  not  done  the  work  of 
the  Committee.  The  members  have  done  it.  I  have  acted  as  an 
administrative  officer.  The  headwork  has  come  from  somewhere 
else. 

(Mr.  Webster's  motion  was  seconded  and  carried.) 

The  President : — That  disposes  of  the  report  of  this  Com- 
mittee, and  the  Committee  will  consider  itself  excused. 

The  Committee  on  Rail  has  a  short  verbal  report,  and  it  seems 
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to  me  it  would  be  well  to  take  it  up  at  this  point.  In  the  absence 
of  the  chairman,  Mr.  Trimble,  I  will  ask  the  vice-chairman  of  the 
Committee,  Mr.  Webster,  to  present  the  report  of  the  Committee, 
with  any  introductory  remarks  he  desires  to  make. 

Mr.  Wm.  R.  Webster  (Consulting  and  Inspecting  Engineer)  : 
— I  regret  very  much  that  Mr.  Trimble  could  not  be  with  us,  as  he 
has  had  the  matter  in  charge  for  the  last  year.  The  only  meetings 
the  Committee  held  were  in  October  and  one  held  yesterday  in 
conjunction  with  a  committee  of  the  manufacturers  of  steel  rails. 
We  went  over  the  principal  part  of  the  specifications  which  we 
presented  last  year.  The  four  members  of  the  Committee  who  were 
present  thought  it  best  to  present  the  specifications  as  printed  in 
the  report  for  discussion  at  this  meeting. 

As  a  result  of  our  interview  with  the  manufacturers  yester- 
day, we  found  they  were  very  much  opposed  to  giving  a  drop  test 
on  each  heat  of  steel.  We  therefore  would  suggest  that  a  drop 
test  on  one  heat  in  five  be  accepted  for  the  present.  \\'e  do  not 
want  to  commit  the  other  members  of  the  Committee  to  this 
matter,  and  merel}-  offer  it  as  a  suggestion.  That  is  about  the 
orily  suggestion  we  have  to  make  on  the  report  as  submitted  last 
year : 

If  any  rail  break  when  subjected  to  the  drop  test,  two  additional  tests 
will  be  made  of  other  rails  from  the  same  blow  of  steel,  and  if  either  of 
these  additional  test  pieces  meet  the  requirements,  all  the  rails  of  the  blow 
which  they  represent  will  be  accepted.  If  the  rails  from  the  tester  blow 
shall  be  rejected  for  failure  to  meet  the  requirements  of  the  drop  test,  as 
above  specified,  two  other  rails  will  be  subjected  to  the  same  tests,  one 
from  the  blow  next  preceding  and  one  from  the  blow  next  succeeding 
the  rejected  blow.  In  case  the  first  test  taken  from  the  preceding  or 
succeeding  blow  shall  fail,  two  additional  tests  shall  be  taken  from  the 
same  blow  of  steel,  the  acceptance  or  rejection  of  which  shall  also  be 
determined  as  specified  above,  and  if  the  rails  of  the  preceding  or  suc- 
ceeding blow  shall  be  rejected,  similar  tests  may  be  taken  from  the 
previous  or  following  blows,  as  the  case  may  be.  until  the  entire  group 
of  five  blows  is  tested,  if  necessary. 

The  acceptance  or  rejection  of  all  the  rails  from  any  blow  will  depend 
upon  the  results  of  the  tests  thereof. 

Our  views  in  regard  to  the  shrinkage  clause  are  just  the  same. 
We  have  not  enough  information  to  sttggest  anything  definite  on 
that,     ^^'e  want  to  oft'er  for  discussion  the  matter  of  a   greater 
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height  of  drop  on  the  heavier  section  of  rails  than  submitted  in 
our  report.  We  offer  no  change,  but  merely  want  the  views  of  the 
members  present — so  that  there-  are  really  only  one  or  two  points 
we  ofTer  for  discussion. 

Mr.  C.  S.  Churchill  (Norfolk  &  Western)  : — I  move  the  re- 
port be  approved  and  accepted  as  a  report  of  .progress  and  the 
Committee  continued. 

(The  motion  was  carried.) 

Mr.  Webster : — There  is  one  other  matter  I  would  call  to 
the  attention  of  the  members — the  manufacturers  stated  they  de- 
sired the  engineers  to  consider  the  matter  of  standard  drilling. 
This  they  thought  was  something  which  would  be  of  benefit.  The 
Committee  has  not  that  subject  before  it,  but  if  >ou  gentlemen 
think  it  advisable  to  take  it  up,  we  will  do  so. 

]Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  move  that 
the  Committee  make  that  a  subject  for  their  report  next  year.  I 
think  it  is  an  excellent  idea. 

(The  motion  was  carried.) 

Mr.  Abbott: — I  would  like  to  ask  in  a  general  way  if  it  would 
meet  the  ideas  of  the  engineers  in  taking  short  lengths,  to  have 
them  decreased  by  one  foot,  down  to  24  feet ;  that  is,  keeping  it  in 
mind  in  making  contracts?  The  standard  length  will  probably  be 
33  feet.  A  very  large  tonnage  has  already  been  made  that  length. 
It  strikes  me  it  would  be  to  the  interest  of  the  roads,  as  well  as 
the  mills,  if  this  point  could  be  kept  in  mind  in  making  specifica- 
tions and  contracts  during  the  year. 

Mr.  J.  B.  Berry  (Union  Pacific)  : — I  should  hardly  think 
Mr.  Abbott  would  ask  us  that  question.  From  my  recollection 
of  the  specifications  submitted  in  the  last  three  months,  the  manu- 
facturers have  had  it  all  their  own  way. 

The  President : — Does  Mr.  Abbott  desire  some  action  to  be 
taken  on  his  suggestion  at  the  present  meeting  ?■ 

Mr.  Abbott : — I  think  not  "at  present. 

The  President : — Mr.  Abbott  has  presented  a  question  for 
your  consideration.  If  during  the  year  a  Bulletin  is  issued  in  con- 
nection with  the  subject  of  rails,  and  a  discussion  invited,  the  ques- 
tion of  length  of  rails  can  be  brought  up  then  by  the  Committee 
and  discussed  in  the  written  discussions.  If  there  is  no  further 
business  on  the  subject  of  rails,  the  Committee  will  be  excused. 
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REPORT    OF    COMMITTEE    NO.    X.— ON    SIGNALING 
AND   INTERLOCKING. 

To  the  Members  of  the  American  Raikuay  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Signaling  and  Interlocking  begs  to  submit  the 
following  report : 

HISTORICAL. 

In  the  early  days  of  railroading,  about  1834,  the  Liverpool  &  Man- 
chester Railroad  introduced  on  its  lines  one  of  the  first  systems  of  signal- 
ing, which  consisted  of  an  upright  post  having  at  its  top  a  rotating  disc 
and  lamp,  both  of  which  showed  red  for  a  danger  signal,  and  for  safety 
the  absence  of  an  indication  by  d^y,  and  a  white  light  by  night.  Upon 
the  opening  of  the  Great  Western  Railroad  an  improvement  upon  this 
was  introduced,  in  that  the  signal  used  made  a  distinctive  display  for  both 
danger  and  safety  indications. 

About  1840  the  London  South  Western  Railroad  introduced  a  peculiar 
vertical  revolving  disc,  somewhat  in  appearance  resembling  a  waffle,  one- 
half  being  solid  and  the  other  with  open  segments,  but  this  also  had  the 
fault  of  indicating  safety  by  the  absence  of  a  signal,  although  it  had  the 
merit  of  being  the  first  signal  to  give  the  engineman  an  indication  of  the 
fact  that  either  the  right  or  left  or  both  routes  were  blocked. 

About  1841  Sir  Charles  Hutton  Gregory  designed  and  erected  at  New 
Cross  station  on  the  Croydon  Railway  the  first  semaphore  signal,  an 
adaptation  of  the  old  form  of  semaphore  used  for  telegraphing  over  short 
distances,  developed  by  Messrs.  Chappe,  the  inventors  of  optical  teleg- 
raphy. 

This  was  one  of  the  most  important  steps  taken  in  the  development 
of  railway  signaling,  and  although  it  was  rather  a  crude  affair,  yet  from  it, 
with  many  improvements  in  the  general  design  of  its  several  parts,  has 
developed  the  semaphore  signal  of  to-day. 

The  word  semaphore  is  derived  from  the  Greek,  (rrj^jLa. — a  sign  ;  <p4peiv — 
to  bear. 

The  most  important  facts  resulting  from  the  experiments  of  the 
Chappes  were:  (i)  That  the  color  of  any  bodj^  may  disappear  under 
certain  conditions  of  illumination,  so  that  only  the  form  and  not  the 
color  can  serve  for  a  reliable  signal ;  (2)  that  a  long  and  narrow  surface 
could  be  seen  farther  than  the  same  area  in  the  form  of  a  circle  or  sqiiare, 
and  that  in  average  conditions  of  the  atmosphere  and  on  cloudy  days  a 
body  six  feet  long  and  one  foot  wide,  projected  against  the  horizon, 
could  be  seen  by  the  naked  eye  at  a  distance  of  6%  miles. 

At  that  time,  as  there  was  no  communication  between  signal  stations, 
a  clear  or  satisfactorj'  signal  could,   of  course,  give  no  indication  to  the 
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engineman,  further  than  that  the  train  preceding  him  had  passed  that 
particular  point  at  least  a  certain  number  of  minutes  previously,  a  man 
being  stationed  at  each  signal  to  operate  it,  with  instructions  to  return 
a  signal  from  "danger  ahead"  to  "all  clear"  a  certain  number  of  minutes 
after  the  departure  of  the  train.  This  was  the  origin  of  the  "time  interval" 
system. 

Distant  signals — that  is^  signals  placed  at  a  distance  in  advance  of 
points  of  danger  and  worked  by  wire,  etc. — were,  it  is  believed,  first  in- 
troduced on  the  North  British  Railway  at  Meadowbank  station,  near 
Edinburgh,  in  1846,  after  the  opening  of  the  Hawick  branch. 

In  1852  the  Great  Northern  Railway  was  completely  fitted  with  dis- 
tant signals  of  the  semaphore  type. 

Sir  W.  F.  Cooke,  in  his  pamphlet  "Telegraphic  Railways,"  published 
in  1842,  seems  to  have  been  the  first  to  suggest  electricity  in  the  opera- 
tion of  railway  signals,  as  in  this  he  stated  principles  which  are  em- 
bodied in  the  block  signaling  of  to-day.  Its  first  practical  application 
was  tried  on  the  Eastern  Counties  Railway  about  1844.  Although  suc- 
cessful, it  was  abandoned  in  consequence  of  an  accident  and  on  account 
of  its  expensiveness ;  yet  it  was  soon  found  necessary  to  return  to  this 
system. 

No  improvements  were  made  from  this  time  until  1851,  when  Mr. 
C.  V.  Walker,  of  the  Southeastern  Company,  introduced  the  "Bell  Code" 
system,  which  was  the  first  audible  system  used.  This,  even  as  it  does 
to-day,  gave  very  good  satisfaction,  and  was  supplemented  by  Mr.  Tyer, 
about  1852,  by  electric  visual  signals,  whose  object  was,  in  several  de- 
signs, to  give  to  the  operator  an  indication  of  a  signal  having  been  re- 
ceived and  given,  and  at  all  times  to  show  the  exact  position  of  the  signal 
itself.    Many  of  these  "indicators"  are  still  in  use. 

The  first  system  of  interlocking  switch  points  and  signals  was  devised 
by  Mr.  Saxby  in  1856. 

The  "absolute"  block  signal  system  appears  to  have  been  well  estab- 
lished in  England  in  1858. 

The  utilization  of  the  up-and-down  movement  of  the  spring  latch 
rod  for  actuating  interlocking  mechanism  was  introduced  by  Saxby  & 
Farmer  in  1867. 

The  detector  bar  lock  was  designed  by  Saxby  &  Farmer  in  1870. 

The  system  of  interlocking  tappets  was  first  introduced  by  Stevens, 
of  Glasgow,  about  1874. 

It  was  shortly  after  1870  that  railroads  in  this  country  commenced 
to  put  up  fixed  signals,  and  to  arrange  them  in  such  a  way  that  it  re- 
quired a  number  of  signals  to  give  complete  information  or  to  cover  a 
fixed  territory.  Prior  to  that  time  isolated  signals  were  used  for  various 
special  points,  such  as  railroad  crossings,  the  ends  of  yards,  etc. 

The  first  block  signals  used  in  this  country  were  made  here,  but  the 
first  interlocking  machine  used  in  this  country  was  made  in  England  and 
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erected  here  under  the  supervision  of  English  mechanics.  This  machine 
was  put  up  at  East  Newark,  on  the  New  York  division  of  the  Pennsyl- 
vania Railroad,  in  1874. 

The  first  power  plant  built  was  a  pneumatic  machine,  which  was 
erected  and  put  into  service  in  1876  at  the  south  end  of  the  "Y"  leading 
into  the  Centennial  tracks  at  West  Philadelphia.  An  hydraulic  machine 
was  first  put  into  service  at  Wellington,  O.,  in  1880.  An  hydro-pneu- 
matic machine  was  first  put  into  service  at  Bound  Brook,  N.  J.,  in  1884. 
An  electric  machine  was  first  put  into  service  at  Cincinnati,  O.,  in  1890. 
An  electro-pneumatic  machine  was  first  applied  at  the  Jersey  City  terminal 
of  the  Pennsylvania  Railroad  in  1891. 

Dwarf  indicators  for  use  in  signaling  two  or  more  diverging 
routes  were  introduced  on  the  T.  &  Y.  Railway  in  1882  by  Henry  Johnson, 
and  were  simultaneously  introduced  in  the  United  States  by  Charles  R. 
Johnson. 

In  1885  this  indicator  gave  place  in  the  United  States  to  Henry 
Johnson's  "Multiplex  Selector." 

The  original  Hall  electro-automatic  wire  circuit  system  was  intro- 
duced on  the  Boston  &  Maine  Railroad  in  1871 ;  the  Union  Signal  Co.'s 
track  circuit  system  was  applied  in  1879  o"  the  Fitchburg  Railroad. 

The  Providence  &  Worcester  Railroad  appears  to  have  been  equipped 
in  1881  with  the  first  extensive  application  of  the  Union  Switch  &  Signal 
Co.'s  automatic  track  circuit  block  system. 

Pneumatic  block  signals  were  first  used  on  the  Fitchburg  Railroad 
and  on  the  West  Shore  Railroad  in  1883. 

The  first  mechanical  automatic  block  system  was  introduced  on  the 
New  York  Elevated  Railroad  by  Robert  Black  in  1887. 

In  1892  the  signaling  plants  of  the  London  &  Northwestern  Railway, 
1,876  miles  of  track,  were  said  to  comprise  1,482  signal  towers,  31,500 
levers  and  17,000  signals. 

REFERENCE    INDEX. 

Much  valuable  and  interesting  data  in  regard  to  the  historical  de- 
velopment of  Railroad  Signaling  and  Interlocking,  both  abroad  and  in  the 
United  States,  can  be  found  in  the  lecture  delivered  in  May,  1894,  by 
Arthur  H.  Johnson  before  the  Lawrence  Scientific  School,  Harvard  Uni- 
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560,  614,  684. 

Another  most  excellent  article,  dealing,  however,  mainly  with  foreign 
practice,  is  that  by  G.  Keeker,  Metz,  Germany,  translated  by  Prof.  Geo.  F, 
Swain,  Mass.  Inst,  of  Tech.,  and  published  in  Vol.  XXIX.,  August,  1893, 
Transactions  Am.  Soc.  C.  E. ;  noticed  by  Railroad  Gazette,  1893,  p.  639. 

"The  Block  System  of  Signaling  on  American  Railroads,"  by  B.  B. 
Adams,  Pub.  Railroad  Gazette. 
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R,  J.  Hewett,  The  Railway  and  Engineering  Review,  1898,  pp.  442, 
456,  469- 
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Track  Railroad,"  by.  W.  A.  D.  Short,  The  Railway  and  Engineering  Re- 
view, Mar.  12,  1898. 
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by  Henry  Miller,  The  Railway  and  Engineering  Review,  Feb.  12,  1898. 

"Harrison  Street,  Chicago,  Low  Pressure  Pneumatic  Interlocking 
Plant,"  Railroad  Gazette,  Sept.  19,  1902. 

"Electro- Pneumatic  Interlocking  at  xMbany,"  Railroad  Gazette,  Oct. 
24,  1902. 

"The  Taylor  Electric  Interlocking  System,"  Engineering  News,  Oct. 
2,  1902. 

"Electric  Distance  Signals,"  Zeitsc.  d.  Oesterr.  Ing.  u.  Arch.  Vereins, 
Oct.  31,  1902. 

"Good  Practice  in  the  Use  of  Distant  Signals,"  by  \V.  H.  Elliott, 
Railroad  Gazette,  Nov.  7,  1902. 

"Proposed  Interlocking  for  a  Gauntlet  Track  Arrangement,"  by  W.  M. 
Torrence,  Railway  and  Engineering  Review,  Mar.  15,  1902. 

"The  Virtues  of  the  Enclosed  Automatic  Disc  Signal,"  Railroad" 
Gazette,  May  9,  1902. 

"Signaling  Fast  Trains  in  a  Fog,"  Railroad  Gazette,  July  11,  1902. 

"Electric  Danger  Signals  on  the  Erie  Railroad,"  Electrical  Review, 
July  19,  1902. 

"Electric  Interlocking  at   Bridge   Junctions,"   Railroad   Gazette,   Aug. 

IS,  1902. 

"Fog  Signaling,"  Engineering,  London,  Aug.   15,  1902. 


FOURTH   ANNUAL    CONVENTION.  287 

"Interlocking  Switch  Towers,"  Rev.  Gen.  d.  Chemins-de-fer,  Aug. 
1902. 

"Modern  Electric  Block  Signaling,"  Electrical  World,  Aug.  23,   1902. 

"Progress  of  Block  Signaling  on  American  Railroads,"  Engineering 
News,  Aug.  21,  1902. 

"Electric  Signaling,"  Tram  and  Railway  World,  May  8,  1902. 

"Interlocking  Construction  and  Specifications,"  by  C.  O.  Tilton,  En- 
gineering News,  May  15,  1902. 

Catalogues  of  the  various  manufacturing  companies  for  detail  descrip- 
tions of  machines,  parts  and  their  application. 

Transactions  of  the  American  Society  of  Civil  Engineers  and  of  the 
American  Railway  Association. 

References  should  also  be  made  to  the  general  indexes  of  the  various 
technical  journals. 

DEFINITIONS. 

Adjusting  Screw. — A  device  placed  in  a  pipe  or  wire  line  for  adjusting  its 
length. 

Arm  Casting. — That  part  of  the  semaphore  arm  supported  by  the  signal 
mast,  which,  by  rotation  on  its  axis  of  support,  gives  the  night  sig- 
nal indications. 

Bell  Crank. — A  device  used  for  changing  the  direction  of  a  pipe  line. 

Bolt  Lock. — A  device  placed  in  line  of  signal  connections  to  insure 
switch  being  in  proper  position  before  signal  can  be  cleared. 

Box  Crank. — Two  or  more  bell  cranks  assembled  in  a  common  frame, 
each  crank  having  an  independent  bearing. 

Box  Wheel. — Two  or  more  chain  wheels  assembled  in  a  common  frame, 
each  wheel  having  an   independent  bearing. 

Bracket  Signal. — An  arrangement  of  main  post  with  cross-beam  upon 
which  is  placed  one  or  two  uprights  for  carrying  the  signal  arms  and 
used  where  signal  cannot  be  located  next  to  the  track  it  governs ;  the 
arrangement  of  uprights  determining  which  track  or  tracks  the  signals 
govern. 

Bridge  Coupler. — A  device  for  engaging  and  disengaging  the  interlocking 
connections  crossing  a  drawbridge. 

Bridge  Lock. — A  device  for  locking  a  drawbridge  in  its  properly  closed 
position  before  the  routes  over  it  can  be  cleared. 

Chain  Wheel. — A  device  used  for  changing  the  direction  of  a  wire  line. 

Compensator. — A  device  placed  in  a  pipe  or  wire  line  for  automatically 
maintaining  a  constant  length  of  line  under  changes  of  temperature. 

Crank  Stand. — The  frame  in  which  bell  cranks  are  supported. 

Cross  Locking. — A  variable  shaped  block  or  bar  running  crosswise  of 
the  interlocking  machine,  actuated  by  the  movements  of  the  locking 
dog,  and  by  means  of  which  connection  is  effected  between  the  levers. 
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Deflecting  Rod. — A  device  used  for  changing  the  direction  of  a  pipe  line 
where  the  deflection  required  is  only  a  few  degrees. 

Detector  Bar. — A  bar  placed  at  a  switch  alongside  of  and  normally  be- 
low the  top  of  rail,  operated  in  connection  with  a  facing  point  lock, 
or  switch  and  lock  movement,  so  that  its  operation,  and  consequently 
that  of  the  lock,  will  be  prevented  by  the  presence  of  any  of  the 
wheels  of  the  train. 

Detector  Bar  Link. — A  swinging  arm  by  means  of  which  the  detector 
bar  is  attached  to  the  rail  clip. 

Distant  Signal. — A  fixed  signal  used  in  connection  with  a  home  signal 
to  regulate  the  approach  thereto. 

Double  Jaw. — A  special  form  of  jaw  used  for  making  an  intermediate 
connection. 

Duplex  Lock. — A  lock  consisting  of  two  plungers  operated  through  a 
common  mechanism,  one  locking  the  switch  normal  and  the  other 
locking  it  reversed. 

Dwarf  Interlocking  Machine. — An  interlocking  machine  of  small  pro- 
portions. 

Escapement  Crank. — A  special  crank  used  with  switch  and  lock  move- 
ment by  which  the  first  third  stroke  of  operating  rod  throws  detector 
bar,  the  second  third  throws  the  switch,  and  the  last  third  restores 
detector  bar  to  normal  position  and  relocks  switch. 

Facing  Point  Lock. — A  device,  independently  operated,  for  locking  a 
switch  in  its  proper  position. 

Foundation. — A  fixed  support,  usually  set  in  the  ground,  for  carriers, 
cranks,  compensators,  wheels,  signals  and  other  like  devices. 

Front  Rod. — A  rod  attached  to  the  extreme  point  of  switch  and  to  which 
in  turn  the  lock  rod  is  fastened. 

Ground  Lever  Stand. — A  device  for  operating  distant  switch  signal  in 
connection  with  a  switch. 

Ground  Machine. — See  Dwarf  Machine. 

Head  Rod,  or  No.  i  Rod. — The  switch  rod  to  which  the  operating  rod  is 
connected. 

Home  Signal. — A  fixed  signal  at  the  point  at  which  trains  are  required 
to  stop  when  the  route  is  not  clear. 

Hook  Gear. — A  device  by  which  one  lever  operates  one  of  two  pipe  con- 
nected signals,  depending  upon  the  position  of  the  switch. 
.  Interlocked  Function. — Any  signal,  switch,  derail,  lock  or  crossing  bar 
operated  separately  or  in  combination  with  any  other  constituent  part 
of  an  interlocking  system. 

Interlocking  Machine. — The  primary  operating  or  controlling  mechanism 
of  an  interlocking  plant,  placed  in  the  interlocking  station,  and  in 
which  the  interlocking  feature  is  effected. 

Interlocking  Plant. — An  arrangement  of  switch,  lock  and  signal  ap- 
pliances so  interconnected  or  interlocked  that  one  movement  must 
succeed  another  in  a  predetermined  order. 
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Interlocking  Signals. — The  fixed  signals  of  an  interlocking  plant. 
Interlocking    Station. — A   place   from   which    an   interlocking   plant   is 

operated. 
Jaw. — A  device  attached  to  pipe  line  for  connecting  same  with  machine, 

crank,  compensator  or  any  other  device  designed  for  pipe  operation. 
Latch  Locking. — A  device  attached  to  and  controlling  the  movement  of 

the  lever,  and  by  means  of  which  the  locking  is  effected  while  the 

lever  is  at  rest  at  either  end  of  its  stroke. 
Latch  Foot. — The  block  on  lower  end  of  the  latch  rod,  by  means  of  which 

the  rocking  link  is  actuated. 
Latch  Rod. — The  rod  attached  to  the  latch  handle  by  means  of  which  its 

motion  is  transmitted  to  the  rocking  link. 
Latch  Shoe. — The  casting  attached  to  the  lever  which  engages  the  rocker 

and  prevents  any  movement  of  the  locking  while   the  lever  is   un- 
latched. 
Leadout. — The  combination  of  cranks,  wheels,  rocker  shafts,  etc.,  inside 

and   outside  of   lower   story   of  interlocking   station,    by   which   con- 
nections are  made  between  machine  and  pipe  runs. 
Lever. — That  part  of  an  interlocking  machine  whose  movement  effects  the 

operation  of  its  function. 
Lever  Shoe. — The  casting  holding  lever  and  tail  lever. 
Locking. — The  combination  of  locking  dogs  and  crosslocking  by  means 

of  which  interconnection  is  effected  between  the  levers   and  the  order 

of  movement  determined. 
Locking  Bar. — A  bar  running  lengthwise  in  the  interlocking  machine,  to 

which  the  locking  dogs  are  attached. 
Locking  Bracket. — The  bearing  which  supports  the  locking. 
Locking  Dog. — A  variable  shaped  steel  blade  attached  to  locking  bar  and 

through  which  the  interlocking  is  accomplished. 
Locking  Plate. — The  frame  which  supports  the  locking. 
Locking  Shaft. — A  rotating  shaft  operated  from  the  latch  movement  and 

which  actuates  the  locking  bars. 
Lock   Rod. — A  rod  attached  to   the   front   rod,   and   through   which   the 

plunger  passes. 
Lug. — A  device  placed  in  pipe  line  from   which  connection  is  made  to 

cranks,  etc. 
Machine  Frame. — The  support  for  the  interlocking  machine. 
Machine  Leg. — That  part  of  an  interlocking  machine  by  which  it  is  sup- 
ported and  attached  to  its  foundation. 
Mechanical  Slot. — A  device  placed  in  the  connections  to  signal  which 

requires  the   movement  of  more  than  one   operating  lever  to   clear 

signal. 
Multiple  Crank. — A  special  form  of  crank  in  which  the  frame  is  open 

at  one  end. 
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Pipe  Carrier. — A  frame  with  rollers,  between  which  pipe  line  is  supported 

and  moves  freely. 
Pipe  Run. — The  assemblage  of  the  pipe  and  wire  lines  of  an  interlocking 

plant,  with  their  carriers  and  foundations,  in  a  common  course. 
Pot  Signal. — A  low  revolving  signal  used  where  space  is  limited,  and 

giving  the  indication  by  color  and  not  by  position. 
Plunger. — The  pin   which   passes   through  the  lock  rod   and   holds   the 

switch  in  its  proper  position. 
Plunger  Casting. — The  casting  placed  on  tie  carrying  plunger  and  lock 

rod. 
Preliminary  Locking. — See  Latch  Locking. 
Quadrant. — The  fixed  bearing  of  an  interlocking  machine  upon  which  the 

latch  block  travels. 
Radial  Arm. — An  arm  used  to  change  direction  of  pipe  line  when  not 

more  than  30°  deflection  is  required. 
Rail  Clip. — The  support  for  detector  bar. 
Rocker  Shaft  Bearing. — The  support  for  rocker  shaft. 
Rocker  Shaft  or  Rocking  Shaft. — A  rotating  shaft  used  in  leadout  for 

changing  vertical  to  horizontal  motion ;  also  used  at  slip  switches  for 

operating  several  detector  bars  and  locks. 
Rocking  Link. — That  part  of  an  interlocking  machine  by  means  of  which 

the  latch  movement  is  transmitted  to  the  locking  bars. 
Screw  Jaw. — A  jaw  screwed  on  the  end  of  pipe  line  and  used  to  adjust 

the  length  of  pipe  connections. 
Selector. — A  device  by  which  several  signals  are  operated  by  one  lever, 

the  particular  signal  at  each  movement  being  determined  by  the  posi- 
tion of  the  switch,  or  switches,  governed. 
Semaphore  Arm. — The  movable  arm  pivoted  to  the  signal  mast,  and  by 

the  position  of  which  the  indications  are  given. 
Semaphore  Blade. — That  part  of  the  semaphore  arm  which  by  its  form 

and  position  gives  the  day  signal  indications. 
Semaphore  Signal. — A  device   consisting  of  a   mast   with  movable  arm 

attached ;    the  indications  being  given  by  the  position  of  the  arm. 
Signal  Mast. — The  upright  post  supporting  the  movable  signal  arm. 
Solid  Jaw. — A  special  form  of  jaw  rigidly  connected  to  the  pipe  line. 
Stake. — A  special  form  of  foundation  for  wire  carriers. 
Switch  and  Lock  Movement. — A  device  by  which  a  switch  is  operated 

and  locked  by  the  movement  of  one  lever. 
Tail  Lever. — An  arm  attached  to  lever  shoe  at  right  angles  to  lever  and 

to  which  the  pipe  or  wire  line  is  connected. 
Universal  Link. — The  crank  arm  by  means  of  which  motion  is  trans- 
mitted from  the  rocking  link  to  the  locking  shaft. 
Wire  Carrier. — A  frame  with  rollers  upon  which  wire  line  is  supported 

and  moves  freely. 
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Wire  Run. — The  assemblage  of  the  wire  lines  of  an  interlocking  plant, 

with  their  carriers  and  foundations,  in  a  common  course. 
Wheel  Stand. — The  frame  in  which  chain  wheels  are  supported. 

TRAIN-ORDER  SIGNALS. 

The  replies  to  the  Committee's  questions  on  the  subject  of  train-order 
signals  disclosed  the  fact  that  there  is  a  good  deal  of  indefiniteness  and 
cloudiness  concerning  them  in  tlie  minds  of  some  of  our  members.  This 
seems  to  arise  in  part  from  the  use  of  train-order  signals  for  other  pur- 
poses, and  combining  the  functions  of  two  or  more  signals  into  one,  and 
calling  it  a  train-order  signal.  This  combined  use  is  perfectly  legitimate 
in  some  cases,  and  in  other  cases  leads  to  confusion,  so  that  it  becomes 
necessary  for  us  to  try  to  make  clear  what  is  meant  by  the  term  "Train- 
Order  Signal."  A  train-order  signal  naturally  merges  into  a  block  signal, 
and  it  is  often  difficult  to  define  the  line  between  them.  Some  of  tfiose 
answering  the  Committee's  questions  really  described  block  signal  practice, 
instead  of  their  train-order  signal  practice.  The  circular  was  sent  to  152 
members,  and  answers  were  received  from  but  forty.  Of  the  forty,  ten  re- 
plied that  they  had  no  train-order  signals  or  were  too  busy  to  give  the  in- 
formation desired. 

Wherever  the  American  Railway  Association  has  adopted  definitions 
of  appliances  to  be  considered  by  the  Committee,  it  is  the  intention  of  the 
Committee  to  adopt  the  same,  unless  there  seems  to  be  good  reason  for 
recommending  otherwise. 

The  Standard  Codes  of  Block  Signal  Rules  and  of  Interlocking  Rules 
begin  with  definitions  of  the  terms  used,  and  the  Standard  Code  of  Train 
Rules  has  numerous  definitions,  but  in  neither  of  these  codes  do  we 
find  "Train-Order  Signal"  defined.  However,  in  the  body  of  the  latter, 
some  idea  is  obtained,  in  Rule  221,  of  what  is  meant  by  it.  A  partial  quo- 
tation from  this  rule  is  as  follows :  "A  fixed  signal  must  be  used  at  each 
train-order  office,  which  shall  indicate  'stop'  when  there  is  an  operator  on 
duty,  except  when  changed  to  'proceed,'  to  allow  a  train  to  pass  after 
getting  train  orders,  or  for  which  there  are  no  orders.  A  train  must  not 
pass  the  signal  while  'stop'  is  indicated.  The  signal  must  be  returned  to 
'stop'  as  soon  as  a  train  has  passed.  It  must  be  fastened  at  'proceed'  only 
when  no  operator  is  on  duty." 

We  are  justified  in  saying,  therefore,  that  the  Standard  Code  definition 
for  Train-Order  Signal  is,  "A  fixed  signal  which  shall  indicate  'stop'  where 
there  is  an  operator  on  duty,  except  when  changed  to  'proceed'  to  allow  a 
train  to  pass  after  getting  train  orders,  or  for  which  there  are  no 
orders." 

It  seems  to  your  Committee  that  this  definition  is  (a)  inaccurate,  and 
(b)  cumbersome.  It  is  inaccurate  because  a  train-order  signal  is  not 
always  a  fixed  signal   under  present  practice,  as  the   subsequent  part  of 
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this  report  will  show,  flags  and  hand  lamps  being  used  for  that  purpose 
by  a  large  number  of  our  members.  We  do  not  propose  a  substitute 
definition  at  this  place  in  our  report;  but  will  first  proceed  to  illustrate 
the  present  practice  of  some  of  our  members. 

Only  one  member  seems  to  be  using  the  old-style  banner  or  revolving 
train-order  signal,  and  it  is  fair  to  assume  that  it  is  gradually  giving 
way  to  the  semaphore  pattern.  He  has  already  adopted  the  semaphore 
for  double  track,  as  in  Fig.  2,  Plate  i. 

Of  the  semaphore  patterns  which  are  now  in  use,  the  arms  for  both 
directions  of  traffic  are  generally  placed  on  the  same  mast,  and  the 
lamp  and  mast  centers  coincide.  Some  members  place  the  lamp  on  the 
side  of  the  mast,  but  it  usually  leads  to  two  different  patterns  of  sema- 
phore castings,  as  in  Fig.  4,  which  is  not  economical  or  convenient. 

A  train-order  signal  is  essentially  a  "two-indication"  signal,  "stop, 
there  are  orders  for  you,"  and  "proceed,  there  are  no  orders  for  you."  As 
soon  as  such  signals  are  made  "three-indication,"  another  function  is 
added  to  the  signal,  unless,  indeed,  all  signal  indications  should  be  broadly 
construed  as  train-order  signals,  for  they  do  give  unwritten  train  orders 
or  "information."  Your  Committee,  however,  understands  that  the  sub- 
ject is  to  be  treated  in  its  narrow  sense.  Figs.  6  and  9  illustrate  signals 
which  have  another  meaning  besides  "train  orders." 

Having  described  the  forms  of  signals  used  for  train  orders,  the 
next  step  is  to  show  how  they  are  located  with  reference  to  the  telegraph 
office  and  tracks.  The  practice  in  this  respect  is  quite  uniform,  as  in 
Figs.  14,  15,  17  and  18.  Figs.  15  and  18  are  modifications  of  the  other 
two,  but  Figs.  16,  19  and  20  show  that  a  breaking  away  from  the  old 
practice  is  now  going  on.  It  can  be  safely  assumed  that  when  there  are 
more  than  two  main  tracks,  a  block  system  is  used,  and  trains  are  not 
regularly  operated  by  train  orders.  Such  a  system  of  tracks  means  that 
the  business  is  very  heavy,  and  a  more  expeditious  way  of  operating  than 
by  train  orders  is  absolutely  necessary.  Consequently  we  have  not  shown 
by  diagram  the  location  of  train-order  signals  for  more  than  two  tracks. 

However,  when  a  railroad  has  more  than  two  main  tracks,  and  has 
the  necessary  signal  system  for  operating  the  trains  under  block  signal 
rules,  it  becomes  necessary  at  times  to  issue  train  orders  or  instructions  for 
various  reasons.  It  may  be  to  give  notice  of  a  washout  or  wreck,  or  issue 
orders  for  the  use  of  one  of  the  tracks  in  a  reverse  direction  by  reason 
of  an  obstruction  on  the  other  tracks,  where  all  tracks  are  not  signaled  for 
both  directions.  This  latter  becomes  a  necessity  where  the  traffic  on  a 
railroad  is  exceedingly  heavy,  as  on  some  of  the  Eastern  systems  con- 
necting the  large  cities.  Train  orders  in  that  case  cannot  be  issued  fast 
enough.  Arrangements  are  now  being  made  to  put  up  such  signals  on 
the  Eastern  Division  of  the  Pennsylvania  Lines  out  of  Pittsburg.  The 
practice  of  the  different  railroads  in  such  cases  varies  somewhat,  as  is 
shown  more  concisely  in  the  following  statement: 
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Where  block  signal  systems  are  used,  when  it  becomes  necessary  to 
issue  train  orders,  the  attention  of  engineman  and  conductor  is  called  by 

1.  Same  signal  as  used  for  blocking  on 
Buffalo,  Rochester  &  Pittsburg  Railway. 
Chicago,  Burlington  &  Quincy  Railroad. 

Chicago  &  North-Western  Railway.      (Hall   Signals  will   change 

practice.) 
Lehigh  Valley  Railroad. 
Mobile  &  Ohio  Railroad. 
Sante  Fe  System. 
Southern  Indiana  Railway. 
Southern  Pacific  Co.   (Pac.  Sys.). 
Chicago   Great   Western   Railway. 
Delaware,  Lackawanna  &  Western  Railroad. 

2.  Separate  train-order  signals  on 

Central  R.  R.  Co.  of  New  Jersey.  (Train-order  signal  has  double 
lenses  and  block  signals  single  lenses.  Also  control  distant 
block  in  rear.) 

Illinois  Central  Railroad. 

Michigan  Central   Railroad. 

Philadelphia  &  Reading  Railway. 

Plant  System. 

3.  A  red  or  green  flag  or  lantern  on 

Baltimore  &  Ohio  Railroad.  (Where  automatic  blocks  are  used, 
train-order  signals  are  also  used,  controlling  first  automatic 
distant  signal  blade  in  each  direction.) 

Boston  &  Maine   Railroad. 

Delaware,  .Lackawanna  &  Western  Railroad. 

Erie  Railroad. 

Long  Island  Railroad. 

Pennsylvania   Lines  West  of  Pittsburg. 

When  running  on  a  track  in  the  reverse  direction,  the  engineman  and 
conductor  are  notified  of  train  orders  by 

1.  Regular  train-order  signals,  where  placed  for  both  directions  on 
one  mast,  as  in  Figs.  17  and  18,  on 

Chicago,  Burlington  &  Quincy  Railroad.     (Have  telegraph  blocks 

in  use  on  some  double  track.) 
Chicago  &  Eastern  Illinois  Railroad. 
Chicago  &  North-Western  Railway. 
Delaware,   Lackawanna   &   Western  Railroad. 
Galveston.  Harrisburg  &  San  Antonio  Railroad. 
Illinois   Central   Railroad. 
Lehigh  Valley  Railroad. 
Pennsylvania    Lines   West   of   Pittsburg. 
Philadelphia  &   Reading  Railway. 
Plant  System. 
Southern  Pacific  .Co.   (Pac.  Sys.). 

2.  Red   flags  and  hand  lamps   where  train-order   signals  are   placed 
alongside  of  track  on  separate  masts,  as  in  Fig.  20,  on 

Pennsylvania  Lines  West  of  Pittsburg. 
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3.  Red  flag  and  hand  lamp  in  addition  to  the  regular  train-order 
signals,  some  offices  having  no  train-order  signal,  on 

Boston  &  Maine  Railroad, 

Erie  Railroad. 

Long  Island  Railroad. 

4.  Regular  train-order  signal,  and  in  addition  a  red  flag  or  hand  lamp 
set  on  the  track,  on 

Boston   &  Maine   Railroad. 
Michigan   Central   Railroad. 

5.  Red  flags  or  hand  lamps    on 
Baltimore  &  Ohio  Railroad. 
Central  R.  R.  Co.  of  New  Jersey. 
Mobile  &  Ohio  Railroad. 

It  will  be  observed  that  in  the  case  of  double  track,  the  regular  train- 
order  signals  are  used  on  most  railroads  for  trains  running  in  the  reverse 
direction,  and  it  may  be  considered  good  practice  when  the  signal  arms 
are  on  one  mast,  and  the  mast  located  as  in  Figs.  17  and  18,  because 
this  signal  signals  Trains  and  not  Tracks,  but  the  plan  allows  of  no  ex- 
pansion, and  has  been  known  to  cause  accidents  where  three  or  four  tracks 
merge  into  two.  When  the  train-order  signals  are  located  as  in  Fig.  20, 
they  govern  trains  only  on  the  tracks  alongside  of  which  they  are  placed, 
and  should  not  be  used  for  trains  running  on  a  track  in  the  reverse  direc- 
tion. In  this  case  the  red  flag  by  day  and  the  red  hand  lamp  by  night 
are  used  to  notify  train  and  engine  crews  of  "orders." 

In  the  case  of  block  signal  systems,  when  it  becomes  necessary  to 
issue  train  orders,  the  practice  is  not  uniform  either.  About  the  same 
number  of  roads  use  each  of  the  three  methods,  viz. :  (i)  Same  signal  as 
used  for  blocking;  (2)  separate  train-order  signals;  and  (3)  the  proper 
colored  flags  or  hand  lamps,  the  latter  slightly  predominating.  The  stop 
flag  and  the  lantern  are  used  for  "31"  orders,  and  the  caution  flag  and 
lantern  for  "19"  orders. 

CONCLUSIONS. 

Having  presented  above  the  questions  requiring  settlement  by  the 
members  of  Association,  illustrated  by  present  practice,  the  Committee  now 
places  before  you  its  recommendations,  and  the  reasons  for  them. 

The  chief  objects  of  your  Committee  in  this  investigation  are,  (a)  the 
observance  and  maintenance  of  signal  principles,  and  (b)  economy. 

The  signal  practices  on  different  railroads,  in  their  early  beginning, 
were  sometimes  accidental,  and  as  new  problems  arose  each  one  solved 
them  after  his  own  fashion,  having  in  mind  frequently  the  easiest  and 
cheapest  way  of  doing  it.  As  the  problems  became  more  complicated  in 
later  years,  it  was  evident  that  some  kind  of  system  m.ust  be  adhered  to, 
in  order  to  avoid  confusion  in  the  minds  of  trainmen,  and  our  present 
systems  of  interlocking  and  block  signals  are  the  result.  The  train-order 
signal,  however,  has  not  heretofore  been  located  with  the  same  exactness 
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as  required  by  interlocking  signal  rules,  but  it  seems  to  your  Committee 
that  it  is  now  time  to  bring  this  signal  into  line  and  place  it  where  it  be- 
longs. We  feel  obliged,  however,  to  recognize  two  forms  of  train-order 
signal :  (a)  The  fixed  signal  of  the  semaphore  type  for  regular  use  on 
single  and  double  tracks,  and  (b)  the  flag  and  hand-lamp  signal  for 
occasional  use  in  special  cases.  The  fixed  train-order  signal  should  be 
of  such  design  and  so  located  that,  when  the  railroad  becomes  of  enough 
importance  for  block  signals,  the  verj'^  same  signal  can  be  used  in  its 
next  stage — the  telegraph  block  signal — without  throwing  it  away  and 
getting  another  one  of  different  design. 

The  American  Railway  Association's  third  and  fourth  requisites  of 
installation  of  interlocking  plants  are:  (3d)  "Signals,  if  practicable  (to 
be)  either  over  or  upon  the  right  of  and  adjoining  the  track  to  which 
they  refer."  (4th)  "Semaphore  arms  that  govern,  (to  be)  displayed  to 
the  right  of  the  signal  mast  as  seen  from  an  approaching  train." 

The  first  recommendation,  therefore,  of  your  Committee  is  that  these 
two  requisites  be  adopted  with  reference  to  fixed  train-order  signals  for 
all  numbers  of  tracks  from  one  up,  as  illustrated  in  Figs.  16  and  20. 

The  second  recommendation  is,  that  where  it  may  be  deemed  ad- 
visable, for  special  reasons,  to  use  a  bracket  mast,  no  more  than  two  up- 
rights be  placed  on  the  bracket.  One  of  these  uprights  may  be  a  stub  to 
indicate  a  track  not  signaled.  In  other  words,  no  more  than  one  track 
should  intervene  between  a  bracket  signal  mast  and  the  track  for  which  its 
left  upright  carries  the  signal  arm.     This  is  illustrated  in  Fig.  21. 

When  a  railroad  has  more  than  two  main  tracks,  it  is  almost  sure 
that  it  will  be  operated  under  block  signal  rules.  Nevertheless,  there 
are  times  when  train  orders  or  instructions  must  be  issued.  On  pages 
293  and  294  we  have  described  the  practice  of  some  of  our  members  in 
such  cases.  The  methods  in  general  use  are:  (i)  Same  signal  as  used 
for  blocking;  (2)  separate  train-order  signals;  and  (3)  the  proper  colored 
flags  or  hand  lamps. 

So  far  as  the  first  method  is  concerned,  it  is  not  logical,  and  does  not 
mean  "train  orders,"  unless  some  special  rule  is  formulated.  In  a  block 
signal  system  the  engineman  and  conductor  should  remain  on  the  train  till 
the  "proceed"  indication  is  given,  unless,  indeed,  the  delay  is  prolonged. 
If  it  is  the  intention  to  give  them  orders,  they  should  know  it  as  soon 
as  the  train  reaches  the  telegraph  office,  or  before. 

The  second  method  is  doubtless  the  logical  and  correct  one,  but  those 
answering  the  question  did  not  explain  their  form  of  signals,  except  in 
the  case  of  the  Plant  System.  Unless  they  have  one  for  trains  on  each 
track,  ihe  signal  may  be  no  better  than  the  flag  by  day,  and  certainly  no 
better  than  the  lamp  by  night. 

*It  seems  to  your  Committee,  therefore,  that  it  is  proper  to  indorse 
the  practice  of  using  flags  by  day  and  hand  lamps  by  night,  stop  being  for 
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"31"  orders,  and  caution  for  "19"  orders.  It  is  important,  though,  that  a 
regular  place  for  displaying  these  be  predetermined,  and  there  seems  to 
be  no  better  way  than  to  place  a 'regular  flag  socket  with  hook  on  the 
side  of  the  signal  station  next  to  the  approaching  train,  and  convenient  for 
the  operator  to  reach  from  one  of  the  windows.  The  Mobile  &  Ohio 
practice  is  illustrated  in  Plate  X.,  but  the  block  signal  is  not  placed  as 
recommended  above. 

*The  third  recommendation  of  your  Committee  is  the  indorsement  of 
the  use  of  flags  and  hand  lamps  and  their  display  as  explained  in  the 
preceding  paragraph. 

*The  fourth  recommendation  is  the  definition  of  "train-order  signal" 
as  follows :  "A  signal,  fixed  or  otherwise,  of  two  indications,  which  in  the 
stop  position  informs  the  engineman  and  conductor  that  they  are  to  re- 
ceive orders  at  the  telegraph  office,  and  in  the  clear  position  announces 
that  there  are  no  orders  for  them." 

^Economy  in  signaling  is  obtained  by  uniformity  in  material  and 
appliances,  because  they  can  be  purchased  in  the  open  market  from  any 
signal  company,  and  because  the  fewer  the  designs,  the  smaller  the 
quantity  of  material  and  supplies  to  be  carried  in  stock.  Plate  XI.  illus- 
trates the  variety  of  train-order  signal  spectacle  castings  made  by  the 
Union  Switch  &  Signal  Company.  In  addition  to  these  thirteen,  the 
same  company  makes  sixty  other  patterns  of  home  signal  spectacle  cast- 
ings. The  roadway  and  bridge  material  stock  of  a  large  railroad  com- 
pany is  enormous.  It  is  economy  to  keep  it  as  small  as  possible.  It  can 
be  done  by  uniformity  and  interchangeability. 

*A  fixed  train-order  signal  at  the  present  time  is  a  two-indication 
semaphore  arm,  having  a  sweep  from  horizontal  to  60°,  75°  or  90°. 
Necessarily,  the  arm  casting  in  each  case  is  different.  It  is  undoubtedly 
the  best  practice  to  have  this  range  from  horizontal  to  90°,  which  is  our 
afth  recommendation.  The  result  of  the  vote  recently  polled  on  that . 
question  in  answer  to  Circular  No.  35  was  twenty-four  in  favor  of  90° 
angle,  eight  in  favor  of  70°,  and  twenty-three  in  favor  of  60°. 

*The  fixed  train-order  signal  is  sometimes  given  the  function  of  telling 
the  engineman,  '"We  have  no  orders  for  you,  but  you  must  run  with  care, 
as  you  may  find  another  train  ahead  of  you  before  you  reach  the  next 
telegraph  oflSce."  In  other  words  a  "caution"  indication  is  given,  which 
is  an  arm  position  of  45°,  or  a  green  or  yellow  light,  as  the  practice 
may  be. 

In  permissive  block  signaling,  the  next  logical  step  in  advance,  this 
third  indication  is  a  necessity.  As  the  ultimate  destiny  of  the  fixed  train- 
order  signal  is  to  become  a  block  signal,  let  the  same  casting  be  used 
in  both  cases;  in  other  words,  let  all  signal  castings  be  three-indication 
or  position,  and  blind  the  lens  hole  not  needed  at  the  time,  or  make  it  a 
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continuous  light  by  inserting  red  glass  in  the  45°  position  hole.  The 
same  casting  can  be  used  both  by  roads  having  green  for  caution  and 
those  having  yellow  for  caution.  For  those  employing  combinations  of 
colors,  if  they  desire  to  continue  this  practice,  a  special  casting  will  be 
necessary.  The  vote  polled  on  the  continuous-light  principle,  according 
to  Circular  No.  35,  resulted  in  thirty-two  for  that  principle,  nineteen  for 
the  blind  shield,  and  three  for  no  safeguard  whatever.  These  principles, 
together  with  the  angle  of  arm,  are  illustrated  in  Plate  XII.  It  is  the 
will  of  the  Association,  therefore,  as  expressed  by  the  recorded  vote,  to 
have  a  fixed  train-order  signal  with  a  sweep  of  arm  of  90°,  and  with  a 
spectacle  casting  arranged  on  the  continuous-light  principle.  The  plan  of 
such  a  signal  is  presented  on  Plate  XIII.,  and  it  is  recommended  for 
adoption  as  the  standard  of  the  American  Railway  Engineering  and 
Maintenance-of-Way  Association,  being  the  sixth  recommendation  of  this 
report. 

This  signal  is  suitable  for  either  a  train-order,  or  interlocking,  or 
automatic  block  signal.  It  can  be  used  for  either  two  or  three  indications, 
and  is  suitable  for  those  roads  having  red  for  "stop,"  green  for  "caution" 
and  white  for  "proceed"  or  "no  orders,"  or  for  those  having  red  for  "stop," 
yellow  for  "caution,"  and  green  for  "proceed"  or  "no  orders."  Further- 
more, it  is  adaptable  for  roads  desiring  to  be  more  economical,  and  put 
two  arms  on  one  mast  for  both  directions,  because  the  top  of  the  mast  can 
then  be  made  flat  and  the  lamp  placed  thereon. 

The  mast,  as  well  as  the  signal  arm  and  casting,  is  recommended  for 
standard,  but  neither  the  color  of  arm  nor  light  is  under  consideration  in 
the  present  report. 

COMPENSATION  OF  PIPE  LINES. 

The  work  of  your  Committee  on  the  subject  of  Standard  Specifica- 
tions for  Mechanical  Interlocking  Plants  has  not  gone  far  enough  to 
enable  us  to  submit  a  report  on  the  general  subject.  But  the  detail  of 
compensation  of  pipe  lines  seems  to  demand  a  report  at  this  time. 

Temperature  allowance  in  the  installation  of  compensators  is  an 
important  factor,  and  is  at  present  too  frequently  neglected.  The  com- 
mon practice  is  to  put  the  line  on  the  center  of  stroke  and  then  make  the 
connections  to  the  compensating  arms  when  separated,  so  that  u=A=22 
inches,  irrespective  of  the  temperature  prevailing  at  the  time  the  work 
is  done. 

The  length  of  compensating  arms  is  variously  specified  as  11  inches, 
11%  inches,   14%  inches,  and  for  especially   long  lines  17  inches. 

In  regard  to  the  length  of  lines  and  design  of  compensators  the  fol- 
lowing expresses   approximately  the  specification   requirements   of  all : 

(a)  Each  line  over  50  feet  long  must  be  compensated. 

(b)  One  compensator  is  sufficient  for  a  line  700  feet  long.     But  for 
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each  additional  700  feet,  or  fraction  thereof,  an  additional  compensator 
is  required. 

(c)     The  "Lazy  Jack"  pattern  'of  compensator  is  required. 

Compensation  is  effected  by  means  of  equalizing  levers,  rack  and 
pinion  or  Lazy  Jack  compensators  and  by  bell  cranks  (where  the  line 
changes  direction).  Wherever  the  line  connections  to  a  bell  crank,  as 
frequently  occurs,  are  such  that  tension  on  the  one  connection  transmits 
compression  to  the  other,  the  crank  is  said  to  be  set  for  "reverse  move- 
ment" and  acts  as  a  compensator.  Their  arrangement  must,  therefore,  al- 
ways be  taken  in  consideration  when  locating  the  device  designed  espe- 
cially for  compensating,  as  is  illustrated  by  figures  on  Plate  No.  XVL 

The  Lazy  Jack  compensator  was  patented  by  H.  F.  Cox,  September  6, 
1881,  No.  246662  (see  Plate  No.  XVIL). 

Tetjiperature  Allowance. — Suppose  a  line  1,400  feet  long,  having  a 
stroke  of  8%  inches,  is  to  be  compensated,  200  feet  of  which  is  compen- 
sated by  a  bell  crank.  By  reference  to  Plate  XV.,  Fig.  4  of  Plate  XVL,  and 
Plate  XVIL,  we  find  that  the  compensator  should  be  placed  in  the  center  of 
the  remaining  1,200  feet,  and  that  when  t=S0  degrees,  u=z22  inches;  when 
t^iio  degrees,  u=:i6  inches;  and  when  t=io  degrees,  u=:28  inches;  a  total 
allowance  of  12  inches  for  120  degrees  difference  in  temperature.  If  this 
temperature  allowance  is  neglected,  an  installation  at  no  degrees  would 
result  in  the  compensating  arms  taking  positions  (if  no  other  lines  in- 
terfered) C"  P  and  C"  P'  when  in  the  extreme  open  position  at  — 10 
degrees,  and  an  installation  at  — 10  degrees,  the  compensating  arms  would 
(theoretically,  though  impossible  practically)  take  the  positions  H"  P 
and  H"  P'.  Whereas,  if  proper  temperature  allowance  is  given  the  re- 
spective positions  will  be  C  P — C  P'  and  H  P — H  P',  so  that  the 
compensation  of  1,200  feet  of  line  with  a  16-inch  arm  becomes  entirely 
practicable.  Like  conditions  result  from  a  neglect  to  allow  for  tempera- 
ture in  the  use  of  a  13-inch  arm  on  a  line  700  feet  long. 

Length  of  Arm. — The  standard  distance  between  centers  in  "pipe 
runs"  is  2%  inches,  and  as  the  bearing  pins  P  P'  are  frequently  under 
the  "runs,"  it  is  desirable  to  have  them  located  between  the  lines  instead 
of  directly  under  a  line  where  they  are  inaccessible.  A  13  or  a  16-inch 
arm  fulfills  this  condition. 

When  the  compensator  is  located  in  the  center  of  the  space  between 
the  two  pipe  carriers  nearest  the  middle  of  the  line  (or  part  of  the  line) 
to  be  compensated,  and  the  connections  are  so  that  the  line  deflects  %  inch 
out  of  center,  away  from  the  bearing  pins  P  P',  when  u=22  inches,  it  will 
practically  equalize  the  deflection  of  the  line  due  to  stroke  and  a  varia- 
tion of  120  degrees  temperature  and  bring  the  bearing  pins  P  P'  between 
the  lines  of  a  "pipe  run."     (See  Plate  XVI.) 

Recommendations. — i.  Allowance  for  temperature  shall  be  made 
in  accordance  with  table   (Plate  XV.). 

2.  The  length  of  compensating  arms  of  Lazy  Jack  compensators  to 
be  13  or  16  inches. 

3.  One    compensator    of    the    Lazy   Jack    pattern    with    13-inch   arms 
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is  sufficient  for  a  line  700  feet  long,  and   with   16-inch  arms  is  sufficient 
for  a  line   1,200  feet  long. 

Respectfully  submitted, 

J.  C.  Mock,   Signal  Engineer,  Michigan  Central  Railroad,   Detroit,  Mich., 
Chairman; 

W.    C.   CusHiNG,   Chief   Engineer   Maintenance   of   Way,    Southwest    Sys- 
tem Pennsylvania  Lines,   Pittsburg,  Pa.,    Vice-Chainiian; 

C.  L.  Addison,  Superintendent  Transportation,  Long  Island  Railroad,  Long 
Island  City,  N.  Y. ; 

A.  S.  Markley,  Superintendent  B.  &  B.,  Chicago  &  Eastern  Illinois  Rail- 
road, Danville,  111. ; 

C.  S.  Millard,  Assistant  Engineer,  Illinois  Central  Railroad,  Chicago,  111. : 

A.  H.   Rudd,   Signal   Engineer,  Delaware,   Lackawanna  &  Western   Rail- 
road, Hoboken,  N.  J. ; 

H.  M.  Steele,  Chief  Engineer,  Central  of  Georgia  Railway,  Savannah,  Ga. ; 

T.  S.  Stevens,  Signal  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway, 
Topeka,  Kan. ; 

Committee. 

AMENDMENTS    TO    REPORT    ON    SIGNALING    AND    INTER- 
LOCKING. 

It  seems  to  your  Committee,  therefore,  that  it  is  proper  to  recognize 
the  current  practice  of  using  flags  by  day  and  hand  lamps  by  night. 
It  is  important,  though,  that  a  regular  place  for  displaying  these  be  pre- 
determined, and  there  seems  to  be  no  better  way  than  to  place  a  regular 
flag  socket  with  hook  on  the  side  of  the  signal  station  toward  the  direction 
of  the  approaching  train,  and  convenient  for  the  operator  to  reach  from 
one  of  the  windows.  The  practice  of  the  Plant  System  is  illustrated  in 
Plate  X.,  but  the  block  signal  is  not  placed  as  recommended  above.  . 

The  third  recommendation  of  your  Committee  is  the  recognition  of 
the  use  of  flags  and  hand  lamps. 

The  fourth  recommendation  is  the  definition  of  "train-order  signal," 
as  follows  :  "A  fixed  signal  of  two  indications,  which  in  the  stop  position 
informs  the  engineman  and  conductor  that  they  are  to  receive  orders 
at  the  telegraph  office,  and  in  the  clear  position  announces  that  there  are 
no  orders  for  them. 

This  Association  recommends  as  the  best  practice  a  fixed  train-order 
signal,  with  a  sweep  of  arm  of  90  degrees  from  the  horizontal. 

Strike  out  paragraphs  on  page  16  beginning,  "Economy  in  signaling," 
"A  fixed  train-order  signal,"  and  "The  fixed  train-order  signal." 
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PLATE  I. 


ILLUSTRATING   FORMS   OF   TRAIN-ORDER   SIGNALS   IN   USE 
ON  VARIOUS  RAILROADS. 


Fig.  1. 


®         ®> 


For  Single  Track 


Alichigan     Central 


Normal  Positiuii  is  Clear 


For  Double  Track 


Fig  2. 


3=0 


Great  Northern 

Lehigh  Valley 

Long  Island  [But  will  now  have 
double  spectacle,  because  green 
is  used  for  "no  orders."] 

Plant  System 
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ILLUSTRATING   FORMS   OF   TRAIN-ORDER   SIGNALS   IN   USE 
ON  VARIOUS  RAILROADS. 


Fig.  4. 


M 


Galveston,  Harrisburg  &  San 
Antonio  Railroad 

Southern  Pacific  (Pac.  Sys.) 


Fig.  5. 


Buffalo,  Rochester  &  Pittsburg 
Cleveland,  Cincinnati,  Chicago  & 

St.  Louis 
Erie 

Illinois  Central 
Mobile  &  Ohio 
Peoria  &  Eastern  (Big  Four) 
Queen  &  Crescent: 

fC.  N.  O.  &T.  P. 

\  Ala.  Gt.  Southern 
Southern  Indiana 
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PLATE  III. 


ILLUSTRATING  FORMS  OF   TRAIN-ORDER   SIGNALS   IN   USE 
ON  VARIOUS 'RAILROADS. 


Baltimore  &  Ohio 


Pennsylvania  Lines 
West  of  Pittsburgh 
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ILLUSTRATING  FORMS  OF  TRAIN-ORDER   SIGNALS    IN  USE 
ON  VARIOUS  RAILROADS. 


M 


Delaware,  Lackawanna  &  Western 

Chicago    &    Alton    (except   that 
ends  of  blades  are  square.) 


Boston  &  Maine 
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PLATE  V. 

ILLUSTRATING   FORMS  OF   TRAIN-ORDER   SIGNALS    IN   USE 
ON  VARIOUS  RAILROADS. 


Chicago,  Burlington  &  Quincy 
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PLATE  VI. 

ILLUSTRATING  FORMS  OF   TRAIN-ORDER   SIGNALS   IN  USE 
ON  VARIOUS  RAILROADS. 


Fig.  12. 


\!^ 


Philadelphia  &  Reading 


Fig.  13. 


Burlington,  Cedar  Rapids 
&  Northern 


20 
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PLATE  VII. 

DIAGRAMS     ILLUSTRATING     LOCATION     OF     TRAIN-ORDER 

SIGNALS  ON  DIFFERENT  RAILROADS. 

SINGLE  TRACK. 


Baltimore  &  Ohio 

Buffalo,  Rochester  &  Pittsburg 

Boston  &  Maine 

Chicago,    Burlington   &    Quincy 

Chicago  &  Eastern  Illinois 

Cleveland,    Cincinnati,    Chicago    &    St. 

SINGLE  TRACK  Louis 

Delaware,  Lackawanna  &  Western 

Erie 

^^^^^^^^■■■^^^^  Galveston,  Harrisburg  &  San  Antonio 
^        Great  Northern 

i  Illinois    Central 

Lehigh  Valley 
Long  Island 
Michigan  Central 
Mobile  &  Ohio 
Pennsylvania  Lines  West  of  Pittsburg 
Fig.  14.  Peoria  &  Eastern    (Big  Four) 

Queen  &  Crescent 


^ 


Southern  Indiana 

Santa  Fe  System 

Southern  Pacific   (Pac.  Sys.) 

Chicago  Great  Western 

Burlington,  Cedar  Rapids  &  Northern 


Chicago  Great  Western 

Chicago  &  Northern 

Galveston,  Harrisburg  &  San  Antonio 

Lehigh  Valley 

Pennsylvania  Lines  West  of  Pittsburg 

Queen  &  Crescent 

Santa   Fe   System 


Fig.  15. 


Fig.  16.         ^^ 


Central  Railroad  of  New  Jersey 
Cleveland.     Cincinnati,    Chicago    &    St. 
I      Louis  (distance  signals  also) 
Pennsylvania  Lines  West  of  Pittsburg 
Philadelphia  &  Reading 


FOURTH    ANNUAL    CONVENTION. 
PLATE  VIII. 


307 


DIAGRAMS     ILLUSTRATING     LOCATION     OF     TRAIN-ORDER 

SIGNALS  ON  DIFFERENT  RAILROADS. 

DOUBLE  TRACK. 


DOUBLE  TRACK 


~  I 


Fig.  17 


Baltimore  &  Ohio 

Boston  &  Maine 

Buflfalo,  Rochester  &  Pittsburg 

Chicago,  Burlington  &  Quincy 

Delaware,  Lackawanna  &  Western 

Galveston,  Harrisburg  &  San  Antonio 

Great  Northern 

Lehigh  Valley 

Long  Island 

Michigan  Central 

Pennsylvania  Lines  West  of  Pittsburg 

Santa  Fe  System 

Southern  Pacific  (Pac.  Sys.) 

Chicago  Great  Western 


Fig.  18. 


Chicago  &  Northwestern 

Galveston,  Harrisburg  &  San  Antonio 

Lehigh  Valley, 

Plant  System 

Santa  Fe   System 

Chicago  Great  Western 


^ 


Mobile  &  Ohio 


Fig.  19 


Fig.  20. 


^ 


Central  Railroad  of' New  Jersey 
Chicago,  Burlington  &  Quincy 
Chicago  &  Eastern  Illinois 
Delaware,    Lackawanna    &   Western 
Pennsylvania  Lines  West  of  Pittsburg 
Philadelphia  &  Reading 
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PLATE  IX. 

DIAGRAMS     ILLUSTRATING     LOCATION     OF     TRAIN-ORDER 
SIGNALS  ON  DIFFERENT  RAILROADS. 


o 


station  Siding 


Pennsylvania  Lines  West  of  Pittsburg 


^ 


Fig.  21. 
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BLOCK  AND  TRATN-ORDER  SIGNALS. 


PLATE  X. 


PLANT  SY.STEM 


310  PROCEEnixc;s  of  the 

PLATE  XL 
SEMAPHORE    SPECTACLE   CASTINGS,    ETC. 
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Com.  on  Signaling  and  Interlocking. 

Convention  of  1903. 

Arm  Position  and  Continuoui  Light. 


PLATE  Xir. -SUMMARY  OF  REPLIES  TO  CIRCULAR  No.  35-  PREFERENCES  AS  TO  ARM  POSITION  OR  ANGLE  TRAVEL,  AND  CONTINUOUS  LIGHT  PRINCIPLE, 


PLATE  XII. 


31 


4^ 
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PLATE  XIII. 

Am.  Ry.  Eng.  &  M.  W.  Assn. 

Com.  on  Signaling  and  Interlocking 

(Jonvention  of  1903. 

STANDARD  SEMAPHORE  ARMJ-'OR 
-TRAIN-ORDER  STGN.\"L. 


/ 


For  2  Position  Signal       "A"  Red 

"B"  Green  or  White 
For  3  Position  Signal       "A"  Yellow  or  Green 

"B"  Green  or  White 


m 


m 


k^ 


STAXDARD  SEMA. 
FOR   TRAIXORDi 


•A"  Red 
'B"  Green  or  White 
'A"  Yellow  or  Green 
'B'"  Green  or  White 


STANDARD  SEMAPHORE  ARM 
FOR  TRAIN-ORDER  SIGNAL. 


^ 


PLATE  XI n. 


>  \ 
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DETAIL  OF  STANDARD  SEMAPHORE  ARM  CASTING. 
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PLATE  XVII. 
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(First  Vice-President  McDonald  in  the  chair.) 

Chairman  McDonald: — You  have  before  you  the  report  of 
the  Committee  on  Signaling-  and  Interlocking.  We  would  be 
glad  to  have  a  preliminary  statement  from  the  Committee,  if  they 
have  anything  to  say. 

Mr.  J.  C.  Mock  (Michigan  Central)  :— The  first  part  of  the 
report,  dealing  with  the  historical  development  of  mechanical 
interlocking,  is  very  brief,  and  is  not  to  be  considered  complete. 
Aluch  valuable  material  was  received  too  late  for  this  Bulletin. 
We  expect  to  add  this  in  the  annual  Proceedings.  The  report 
on  train-order  signals  is  submitted  to  you  with  a  view  of  adoption 
as  to  location  and  design  of  casting.  This  subject  we  consider 
has  been  covered.  The  standard  specifications  are  taken  up  on  the 
single  object  of  "Compensation  of  Pipe  Lines."  In  its  recom- 
mendations on  this  subject  the  Committee  suggests  certain  changes 
from  the  majority  of  specifications  issued  at  the  present  time.  The 
first  is  as  to  length  of  arm  of-  the  "lazy- jack"  pattern,  and  the 
second  as  to  the  length  of  line  that  one  compensator  can  handle. 

Chairman  McDonald : — Will  the  chairman  of  the  Committee 
call  attention  to  any  particular  points  the  Committee  would  like 
discussed  in  preference  to  others? 

Mr.  Mock: — Inasmuch  as  the  subject  of  train-order  signals 
has  been  fully  handled,  we  ought  to  get  some  action  from  the 
Association  on  the  design  of  casting  and  the  location  of  the  signal. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — The  his- 
torical sketch  needs  no  discussion  on  the  part  of  the  Asso- 
ciation, except  that  the  Committee  would  like  to  say  that 
when  any  member  has  an  important  item  connected  with 
the  history  of  interlocking,  it  would  be  glad  to  receive  it. 
This  is  only  a  starter  in  order  to  work  up  a  good  historical  sketch 
in  regard  to  interlocking.  We  realize  it  is  brief,  but  we  hope  to 
collect  additional  information,  and  any  members  who  have  such 
can  forward  it,  and  it  can  be  considered  at  a  future  time.  We  do 
not  consider  this  report  final  by  any  means — it  is  simply  a  progress 
report.  As  to  the  definitions,  I  would  suggest  that  these  be  passed 
for  the  present,  and  that  the  question  of  train-order  signals  be 
taken  up,  as  that  is  the  only  subject  upon  which  the  Comniittee 
makes  any  definite  recommendations,  in  addition  to  the  adjustment 
of  pipe  lines.     The  train-order  signal  portion  of  the  report  is 
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divided  into  two  parts.  The  first  part  is  simply  an  explanation  of 
what  the  different  railroads  are  doing-  to-day,  in  so  far  as  the  Com- 
mittee received  replies  to  its  circulars.  It  requires  no  discussion ; 
it  is  simply  a  statement  of  facts.  The  second  part  of  the  report  on 
train-order  signals  is  submitted  under  the  head  of  "Conclusions," 
and  makes  definite  recommendations,  each  one  o'f  which  I  think 
should  be  taken  up  in  turn.  It  is  given  quite  briefly,  and  in  all 
probability  can  be  acted  on  ver\-  quickly.  I  therefore  suggest 
that  the  Association  begin  with  the  conclusions  or  recommenda- 
tions of  the  Committee,  and  take  them  up  in  turn.  This  report 
differs  a  little  from  the  others  in  that  it  gives  a  brief  reason  along 
with  the  conclusions  for  the  recommendations  made. 

The  recommendations  require  the  reading  of  a  paragraph  or 
two  in  order  to  explain  them.  The  first  recommendation  is  that 
the  train-order  signals  be  located  according  to  the  track  on  which 
the  train  is  running,  and  that  we  must  recognize  the  two  types  of 
train-order  signals  at  present  in  use  until  something  better  is  de- 
vised. The  previous  explanations  of  actual  practice  indicate  that 
we  are  none  of  us  able  as  }-et  to  get  away  from  the  use  of  the  flag 
and  lamp  for  train  orders  in  special  cases. 

Mr.  G.  ^^^  Klttredge  (Cleveland.  Cincinnati.  Chicago  &  St. 
Louis)  : — I  move  that  the  first  recommendation  be  adopted. 

(The  motion  was  carried.) 

Mr.  Cushing: — The  wording  of  the  report  is,  "The  second 
recommendation  is  that  where  it  may  be  deemed  advisable,  for 
special  reasons,  to  use  a  bracket  mast,  no  more  than  two  up- 
rights be  placed  on  a  bracket.  One  of  these  uprights  may  be  a 
stub  to  indicate  a  track  not  signaled.  In  other  words,  no  more 
than  one  track  should  intervene  between  a  bracket  signal  mast  and 
the  track  for  which  its  left  upright  carries  the  signal  arm.  This  is 
illustrated  in  Fig.  21."  I  have  seen,  in  an  attempt  to  follow  out  a 
bracket  signal  mast  principle,  a  signal  mast  with  as  many  as 
eight  or  ten  stubs  on  it,  which  seems  entirely  unnecessary.  A 
little  rearrangement  of  the  tracks  will  prevent  such  a  condition  as 
that,  and  such  bracket  masts  are  nothing  more  than  a  mystery  to 
a  trainman.  The  cngincmen  do  not  know  what  they  actually 
mean,  and  with  a  train  going  at  a  speed  of  60  miles  an  hour,  they 
can  not  count  the  stubs  to  know  if  they  have  the  right  signals.  We 
think  the  bracket  mast  sliould  be  restricted  to  two  uprights,  as  il- 
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kistrated  in  the  diagram,  Fig.  21.  Sometimes  the  horizontal  cross 
beam  carries  two  signals,  as  indicated  in  the  sketch,  and  some- 
times it  may  be  a  single  signal,  where  the  second  track  has  no 
signal. 

Mr.  Churchill : — I  move  the  adoption  of  the  second  recom- 
mendation. 

(The  motion  was  carried.) 

Mr.  Gushing : — Our  third  recommendation  is  as  follows : 
"The  third  recommendation  of  your  Committee  is  the  indorsement 
of  the  use  of  flags  and  hand  lamps,  and  their  display  as  explained 
in  the  preceding  paragraph." 

Mr.  R.  C.  Barnard  (Pennsylvania  Lines)  : — I  move  the 
adoption  of  the  third  recommendation. 

]\Ir.  W.  G.  Besler  (Central  Railroad  of  New  Jersey)  : — I 
would  like  a  little  information.  The  Committee,  in  the  final  para- 
graph, says :  "It  seems  to  your  Committee,  therefore,  that  it  is 
proper  to  indorse  the  practice  of  using  flags  by  day  and  hand 
lamps  by  night,  stop  being  for  '31'  orders,  and  caution  for  '19' 
orders."     Why  that  recommendation? 

Mr.  Gushing : — The  "31"'  order  is  to  be  signed  by  both  engine- 
man  and  conductor,  and  no  train  can  receive  a  "31"  order  without 
stopping.  The  "19"  order  is  an  extension  of  rights  to  a  train, 
and  is  transmitted  to  the  engineman  while  the  train  is  in  motion  by 
a  hoop  or  any  other  apparatus  convenient  for  the  purpose.  Con- 
sequently, when  a  train  is  to  receive  an  order  of  that  kind,  the 
operator  simply  displays  a  caution  signal — I  will  not  say  green, 
because  some  are  yellow  and  some  are  green,  and  what  not — but 
it  is  a  caution  signal,  and  that  indicates  to  the  engineman  that  he 
must  go  slow  enough  to  receive  the  order  without  stopping. 

Mr.  Besler : — The  American  Railway  Association  standard 
code  provides  that  the  train-order  signal  must  be  displayed  when 
there  are  orders  for  a  train,  and  the  signal  must  re- 
main displayed  until  its  full  purpose  is  accomplished.  That 
signal  is  a  red  signal  and  not  a  green  signal.  The  train-order 
signal  must  be  displayed  by  the  operator  and  remain  displayed 
until  he  accomplishes  the  delivery  of  the  order,  so  that  the  caution 
signal  for  "19"  orders  is  not  permissible. 

]\Ir.  Gushing: — I  do  not  think  the  last  speaker  has  taken  the 
correct  view  of  the  matter,  because  the  value  of  a  "19"  order  is 
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largely  lost  if  the  train  is  stopped.  Its  object  is  to  deliver  a 
notice  to  the  engineman  that  he  has  extended  rights  by  reason 
of  some  other  train  falling  back  on  rights  previously  given.  That 
is  all  it  is,  and  it  would  not  be  of  any  more  value  than  a  "31"  order 
if  the  train  is  to  come  to  a  stop.  Any  red  signal,  or  stop 
signal,  displayed  means  the  train  must  come  to  a  stop,  and  it  is 
not  necessary  to  stop  a  train  for  "19"  orders. 

Mr.  Besler : — I  must  beg  to  differ  from  the  gentleman.  He 
evidently  does  not  understand  how  a  "19"  and  "31"  order  is  used. 
The  "19"  order  is  used  for  the  same  purpose,  and  covers  exactly 
the  same  orders  as  the  "31"  order,  as  authorized  by  the  Ameri- 
can Railway  Association.     There  is  absolutely  no  difference. 

Mr.  Gushing: — I  have  to  differ  from  the  gentleman,  because 
I  know  of  railroads  that  are  doing  it,  and  give  a  different  value 
to  these  orders. 

Mr.  Barnard : — I  do  not  think  any  member  of  this  Associa- 
tion, who  is  an  operating  man,  can  agree  with  the  previous  speaker 
as  to  the  similarity  between  "19"  and  "31"  train  orders.  A  "31" 
order  restricts  the  rights  of  a  train  and  must  be  signed  by  the 
engineman  and  conductor  of  the  train  addressed.  To  do  this  the 
train  of  necessity  must  be  brought  to  a  stop.  A  '"'19"  order  con- 
fers train  rights  only — does  not  require  the  signature  of  the  en- 
gineman and  conductor,  and  is  handed  on  while  the  train  is  in 
motion.  Such  an  order,  if  missed  entirely,  would  only  cause  a 
delay  equivalent  to  that  conferred  by  the  order,  and  nothing  more 
serious  than  this  delay  could  occur. 

Mr.  Besler: — The  gentleman  does  not  understand  train  dis- 
patching, or  he  would  not  make  that  statement.  I  understand 
about  the  conductor  and  engineman  being  required  to  sign  the 
"31"  order.  The  substance  of  a  "19"  or  "31"  order  may  be 
identical  in  either  case,  and  the  blanks  may  be  as  prescribed  by. 
the  rules  of  the  American  Railway  Association. 

Mr.  C.  A.  Paquette  (Cleveland,  Cincinnati,  Chicago  &  St. 
Louis)  : — I  want  to  substantiate  what  Mr.  Barnard  said  about 
train  orders  "19"  and  "31."  If  the  "19"  order  confers,  but  does 
not  restrict,  rights  on  the  train,  I  can  not  understand  wherein 
"19"  is  the  same  as  "31."  I  would  like  Mr.  Besler  to  explain 
where  he  differentiates  between  "19"  and  "31."  I  do  not  under- 
stand why  you  use  the  "31"  order  at  all  under  the  system  of 
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operation  which  you  describe.  As  a  general  rule,  "19"  confers 
rights,  and  "31"  restricts  them. 

Mr.  Besler: — There  is  nothing  in  the  standard  code  which 
prevents  the  use  of  "19"  for  the  same  purpose  as  "31."  It  is  very 
common  to  do  so.  However,  some  roads  elect  to  use  the  "31" 
form,  thinking  it  is  safer  to  do  so,  as  it  requires  the  signature 
of  the  engineer  and  conductor,  or  only  the  conductor.  Other 
roads  use  the  "31"  only  in  exceptional  cases,  and  the  use  of  the 
"19"  form  is  becoming  more  and  more  general.  There  is  nothing 
in  the  standard  code  that  requires  the  use  of  the  "19"  or  the  "31" 
for  any  particular  form  of  order ;  it  is  optional  with  the  dispatcher 
which  one  he  shall  use. 

Mr.  Gushing : — The  matter  is  cleared  up  a  littje  now.  It  is  a 
matter  of  opinion  how  the  American  Railway  Association  rules  are 
used  on  different  railroads,  and  the  last  speaker  has  hit  the  nail  on 
the  head  when  he  says  that  it  is  a  matter  of  opinion  as  to  w-hich 
practice  shall  be  followed  in  the  use  of  "19"  and  "31"  train  orders. 
This  Committee  believes  that  the  recommendation  made  in  its 
report  is  safe  practice.  We  do  not  construe  the  American  Rail- 
way Association  rules  to  require  anyone  to  do  exactly  as  they  pre- 
scribe, but  we  consider  that  this  is  the  safest  practice,  and  make  the 
recommendation  accordingly.  Anyone  who  considers  he  can  take 
more  latitude  has  a  perfect  right  to  do  so,  but  we  do  not  think  it  is 
as  safe,  that  is  all. 

Mr.  L.  S.  Rose  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : 
— Are  these  lamps  to  be  used  in  addition  to  the  other  signal  to 
stop  the  train  ? 

Mr.  Cushing : — The  lamp  is  used  at  night,  to  take  the  place 
of  the  flag  in  daytime. 

Mr.  Rose : — Do  I  understand  the  block  signal  is  clear,  and 
the  lamp  is  used  to  notify  the  train  of  orders  ? 

Mr.  Cushing : — Of  course  the  block  signal  must  be  clear  if  a 
"19"  order  is  to  be  issued.  The  block  signal  may  be  white,  or 
whatever  color  is  used,  and  it  will  be  clear,  and  also  a  green  or  yel- 
low signal  displayed  for  "19"  order  at  the  same  time  in  a  different 
place. 

Mr.  Rose:— How  about  the  "31"  order? 

Mr.  Cushing : — In  that  case  the  block  signal  will  be  held  red, 
the  same  as  the  train-order. 
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]\Ir.  Besler : — I  move  that  the  following  words  be  strickoii 
from  the  paragraph,  in  the  second  line,  after  the  word  "night," 
the  words  "stop  being  for  '31'  onders,  and  caution  for  '19'  orders ;" 
and  in  the  third  recommendation  of  the  Committee,  strike  out  the 
words  "and  their  display  as  explained  in  the  preceding  paragraph." 

Mr.  Barnard : — I  do  not  see  that  striking  out  those  words  has 
any  material  effect  on  the  recommendation  of  the  Committee,  and 
I  therefore  accept  the  amendment. 

Chairman  McDonald : — Does  the  Committee  accept  the 
amendment  ? 

Mr.  Cushing: — No,  sir.  The  Committee  thinks  this  is  good 
practice  to  recommend.  It  brings  out  the  particular  value  of  the 
"19"  order.  If  trains  stop  to  receive  a  "19"  order,  I  do  not  see 
much  good  in  it.  It  is  of  excellent  service  in  cases  where  it  is 
handed  out  by  the  operator  on  a  hoop,  which  is  caught  on  his  arm 
by  the  engineer,  and  allows  the  train  to  proceed  without  stopping. 
It  is  not  dangerous ;  it  is  perfectly  safe  practice,  and  there  is  no 
use  for  anything  more  than  the  "31"  order,  if  all  trains  are  to  be 
required  to  stop  for  orders.  These  few  words  are  simply  an  ex- 
planation of  the  present  practice  on  a  pretty  large  mileage  of  rail- 
road throughout  the  country  now.  Those  who  differ  from  it, 
of  course,  do  not  have  to  accept  it  in  making  their  own  arrange- 
ments, any  more  than  they  have  to  accept  the  American  Railway 
Association  rules  as  written.  Every  road  is  governed  by  its  own 
rules,  but  the  excellent  feature  is  that  they  are  being  drawn  up  on 
the  general  lines  of  the  American  Railway  Association  rules.  It 
seems  to  me  that  this  is  a  great  work  which  this  Association  will 
do — that  they  will  consult  the  reports  of  the  association,  and  dis- 
cover what  is  recommended  as  good  practice,  and  will  have  their 
rules  conform  to  the  recommendations  of  the  association  as  nearly 
as  can  be.  That  is  the  object  of  this  recommendation.  I  think 
it  equally  important  to  have  a  definite  place  to  display  these  signals. 
They  are  displayed  in  all  kinds  of  ways  at  the  present  time — that 
is,  the  flag  and  hand-lamp  signals — and  it  is  far  better  to  have 
a  regular  place  to  display  them.  That  is  all  the  line  which  it  is 
moved  to  strike  out  means.  It  simply  says  that  a  good  place  to 
display  the  train-order  signals,  when  they  are  used,  as  flags  or  hand 
lamps,  is  on  the  side  of  a  tower  in  a  small  socket,  where  the 
operator  can  reach  out  and  put  in  the  signal.     It  is  far  better  than 
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to  have  the  operator  run  out  on  the  platform  and  try  to  signal 
the  train.  The  sentence  in  question  merely  relates  to  a  convenient 
and  uniform  place  for  the  operator  to  display  the  signal,  and  the 
engineman  looks  for  it  in  the  same  place.  If  there  is  no  fixed 
place  for  the  signal,  the  enginemen  hardly  know  where  to  look  for 
it,  and  they  miss  it.  It  would  be  better  if  we  could  have  a  regular 
fixed  signal  for  this  purpose,  but  the  Committee  is  not  prepared 
to  recommend  anything  of  that  kind  at  the  present  time.  This 
seems  to  do  very  well  under  present  conditions  of  moderate  traffic, 
and  it  may  be  that  future  developments  in  signaling  and  interlock- 
ing will  bring  out  something  different ;  that  can  be  looked  to  later 
on  in  the  work  of  the  Committee,  as  we  progress  from  time  to 
time.  jNIr.  Addison  is  an  operating  official,  and  I  will  be  glad  to 
have  his  opinion  on  this  subject. 

Mr.  C.  L.  Addison  (Long  Island)  : — We  use  the  '"31"  and 
"19"  orders  similarly,  where  rights  of  trains  are  not  restricted;  but 
I  agree  with  the  Committee  that  we  should  restrict  the  use  of  the 
"19"  order  as  suggested  by  Mr.  Cushing. 

Mr.  Besler : — It  is  unfortunate  that  I  have  not  the  standard 
code  of  the  American  Railway  Association  with  me.  But  the  rule 
requires  about  the  following:  The  first  act  required  of  the- 
operator  when  the  dispatcher  calls  him  is  to  display  his  train-order 
signal  and  then  respond  S.  D.  The  Committee  on  Interlocking 
Signals  of  the  American  Railway  Association  has  prescribed  the 
form  of  the  train-order  signal,  etc.,  and  this  "stop  displayed"  is  a 
red  light,  or  a  semaphore  arm,  displayed  horizontally  or  in  what- 
ever form  may  be  employed  by  the  railroad  company,  to  indicate 
that  train  orders  are  placed  at  that  point  for  some  train.  There  is 
no  cautionary  train-order  signal.  The  words  I  asked  to  have 
stricken  out  cover  a  cautionary  train-order  signal.  There  is  noth- 
ing of  the  kind  in  existence,  nor  do  I  believe  that  any  railroad  com- 
pany would  adopt  anything  of  the  kind.  A  train  order  may  be 
sent  to  help  some  train,  just  as  has  been  suggested,  and  a  "19" 
form  is  used  so  that  the  train  may  proceed  without  stopping  for 
that  order.  The  operator  receives  the  order,  repeats  it,  and  with 
his  train-order  signal  displayed,  goes  to  the  platform,  and  by 
whatever  means  he  has  at  hand,  delivers  that  train  order.  He 
then  goes  to  his  office  and  withdraws  the  signal  if  the  full  purpose 
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of  the  order  has  been  accomplished  by  its  delivery  to  that  one 
train.  If  there  are  other  trains  addressed  in  the  order,  he  must 
keep  the  signal  displayed.  A  clearance  card  is  handed  with  the 
order  given  to  the  first  engineer.  It  would  be  a  grave  mistake  for 
us  to  indicate  in  our  work  here  that  the  "19"  order  is  only  to  be 
used  as  a  caution  order.  In  my  opinion  it  is  iri  direct  opposition 
to  the  work  of  the  American  Railway  Association.  I  do  not  know 
that  there  would  be  any  objection  to  adding  the  following:  "To 
have  a  fixed  place  to  hang  lamps  or  flags  is  proper  and  in  accord- 
ance with  good  practice." 

Mr.  Kittredge: — In  the  paragraph  at  the  bottom  of  page  15 
there  is  an  apparent  conflict  with  the  recommendation  of  the  Com- 
mittee. I  am  not  quite  sure  it  is  a  conflict.  The  first  recom- 
mendation says :  "Signals,  if  practicable,  to  be  either  over  or 
upon  the  right  of  and  adjoining  the  track  to  which  they  refer." 
Now,  in  the  case  of  a 'double-track  road,  the  signals  for  both 
tracks,  according  to  the  last  paragraph  on  page  15,  are  to  be  dis- 
played at  the  same  place.  If  that  is  so,  necessarily  the  train  on 
one  of  the  tracks  must  get  its  signal  on  the  wrong  side.  It  would 
seem  from  the  report  of  the  Committee  if  the  train-order  signal 
were  placed  in  a  socket  or  hook  on  the  side  of  the  signal  station, 
it  would  be  possible  for  trains  in  both  directions  to  see  it. 

Mr.  Cushing : — It  was  intended  to  have  a  socket  on  each  side 
of  the  tower.  The  light  and  flag  are  hidden  from  the  train  in  the 
opposite  direction  by  being  on  the  side  of  the  tower — a  socket  and 
hook  on  each  side. 

Chairman  McDonald : — The  question  before  the  Association 
is  on  the  striking  out  of  the  lines  as  proposed  by  Mr.  Besler.  I 
hardly  think  the  discussion  has  taken  that  form,  and  we  must  con- 
fine it  to  that  point. 

Mr.  Kittredge : — Mr.  Besler  wanted  to  strike  out  the  display 
as  spoken  of  in  the  preceding  paragraph. 

Chairman  McDonald : — The  question  is  on  striking  out  the 
reference  to  the  stop  being  for  "31"  orders  and  caution  for  "19" 
orders. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — I 
think  the  recommendations  of  the  Committee  are  safer  practice 
than  the  recommendations  of  the  gentleman  who  spoke  previously. 
He  proposes  that  a  stop  signal  be  displayed,  and  still  the  train  be 
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permitted  to  run  by  without  stopping.  I  think  it  is  rather  loose 
practice  where  a  train  is  permitted  to  run  by  a  stop  signal.  If  you 
are  going  to  permit  the  train  to  pass  at  reduced  speed,  the  cau- 
tionary signal  is  the  proper  one  to  use. 

Mr.  Barnard : — I  want  a  little  more  information  from  Mr. 
Besler  on  this  question  of  not  putting  out  what  he  calls  "caution- 
ary train-order  signals."  He  says  it  is  not  used.  I  can  say  that 
it  is,  at  least  on  the  Pennsylvania  Lines ;  that  is,  the  operator  uses 
a  green  flag,  or  green  light,  to  indicate  to  an  approaching  train 
that  he  has  "19"  orders  for  it — you  may  call  it  a  "cautionary 
train-order  signal"  or  what  you  will.  Then  he  says  the  operator 
leaves  his  train-order  signal  at  "stop,"  goes  to  the  platform,  de- 
livers the  order,  and,  returning  to  the  office,  pulls  the  signal  to 
proceed.  I  can  not  see  how  this  would  work  out  in  practice. 
Either  the  train  must  be  brought  to  a  stop  or  one  of  the  cardinal 
principles  of  railroading  violated  by  running  by  a  stop  signal. 
The  operator  leaves  his  signal  at  stop  and  goes  to  the  platform  to 
deliver  his  order.  There  may  be  many  people  on  the  platform. 
A  train  is  approaching  at  perhaps  60  miles  an  hour.  The  only 
thing  the  engineman  sees  is  the  train-order  signal  set  at  stop. 
Among  the  many  people  on  the  platform  he  can  not  tell  there  is  a 
man  there  with  an  order  for  him  unless  he  has  something  with 
which  to  distinguish  himself,  so  he  brings  his  train  under  control 
and  should,  according  to  proper  principles,  stop  at  the  train-order 
signal.  I  can  not  see  how  he  can  proceed  until  he  is  released 
either  by  the  train-order  signal  or  written  release  from  the 
operator. 

Mr.  Besler : — The  gentleman  answered  his  own  question.  If 
the  train  is  going  at  60  miles  an  hour,  the  engineer  must  certainly 
be  given  a  signal  to  stop.  The  operator  would  not  be  able  to  de- 
liver a  "19"  or  "31"  order  under  these  conditions;  the  train  would 
have  to  be  brought  under  control.  There  is  no  cautionar\-  train- 
order  signal.  As  a  matter  of  fact,  both  forms  are  used.  Some  com- 
panies instruct  their  operators,  when  there  is  a  "19"  order  to  be 
delivered,  to  leave  signal  displayed  and  indicate  by  a  green  hand 
flag  or  lantern  to  the  engineman  there  is  a  "19"  order  for  him, 
which  permits  him  to  proceed.  He  delivers  the  order  and  goes 
inside  and  withdraws  the  signal,  if  the  signal  has  accomplished  its 
purpose.     There  may  be  other  trains  addressed  in  the  order,  or 
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sections  of  the  train,  which  must  receive  the  order,  in  which  case 
the  signal  remains  displayed  until  its  full  purpose  is  accomplished, 
that  is,  all  the  trains  from  one  direction  have  received  it.  If  a 
train  not  included  in  the  order  arrives,  it  must  be  given  a  "clear- 
ance." 

Mr.  Kittredge: — In  putting  in  these  orders  "31"  for  stop  and 
"19"  for  caution,  we  are  going  outside  the  limit  of  our  work, 
which  relates  to  the  maintenance  of  way.  We  are  trespassing  on 
the  operating  department,  and  I  shall  vote  for  striking  them  out. 

(Mr.  Besler's  amendment  was  put  to  vote  and  carried.) 

Mr.  Kittredge : — I  will  bring  up  again  the  question  as  to  the 
position  of  the  flag  and  lamp  signals.  That  part  of  the  report 
should  be  modified  before  adopting  the  conclusion  as  read. 

Mr.  Gushing : — I  think  if  this  recommendation  is  read  again, 
it  will  be  seen  to  be  clear.  There  seems  to  be  no  better  way  than 
to  place  a  regular  flag  socket  or  hook  on  the  side  of  the  signal 
station  next  to  the  approaching  train.  That  means  you  must  have 
one  on  each  side  in  each  direction.  It  means  you  must  have  a 
socket  on  each  side  of  the  tower,  the  tower  generally  standing  at 
right  angles  to  the  track.  In  this  way,  the  flag  or  lamp  is  hidden 
from  the  opposite  side  of  the  tower. 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — The  Com- 
mittee quotes  the  American  Railway  Association  in  this  matter. 
According  to  my  understanding,  that  association  does  not  recog- 
nize flags  and  provides  that  every  train-order  office  shall  be 
equipped  with  fixed  signals.  Therefore,  the  flags  and  lamps  are 
barred,  except  as  accessories.     You  could  not  depend  on  these. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie)  : — I  would  ask, 
as  a  matter  of  information,  what  character  of  signal  will  be  dis- 
played on  a  four-track  railroad  to  distinguish  between  a  freight 
train  and  a  passenger  train? 

Mr.  Gushing: — That  is  the  point  on  which  this  Gommittee 
said  it  was  not  prepared  to  make  any  recommendation.  The  pres- 
ent practice  is  very  crude,  and  in  general  it  is  by  using  a  flag  for 
all  of  the  tracks.  This  is  very  confusing,  and  the  Gommittee  does 
not  think  it  is  the  proper  way  to  do  it,  yet  does  not  feel  prepared 
to  make  a  recommendation  as  to  how  it  should  be  done.  It  can  be 
handled  nicely  in  the  case  of  interlocking  plants,  but  there  are 
many  cases  where  there  are  no  interlocking  plants,  and  it  is  hard 
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to  take  it  up  without  a  great  deal  of  expense.  We  do  not  feel 
we  have  reached  the  point  of  making  a  definite  recommendation  in 
regard  to  that  matter.  The  Committee  recognizes  that  what  you 
say  is  true. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  :— I  ask  if  Mr.  Gush- 
ing could  embody  what  he  has  said  in  a  change  in  the  third 
recommendation,  by  eliminating  the  word  "indorsement,"  and 
expressing  briefly  the.  general  views  he  has  just  expressed, 
namely,  that  the  varying  conditions  of  practice  on  roads  do  not 
permit  the  Gommittee  to  recommend  certain  definite  methods 
they  would  like  to  propose ;  put  it  in  the  nature  of  a  compromise 
recommiendation.     Would  not  that  cover  it? 

Mr.  Gushing : — How  would  it  do  to  say :  "The  third  recom- 
mendation of  your  Gommittee  is  that  it  deems  it  proper  to  recog- 
nize the  present  practice  of  using  flags?" 

Ghairman  McDonald : — Will  the  Gommittee  accept  that 
change  ? 

Mr.  Gushing: — The  Gommittee  will  accept  that  change. 

Mr.  V.  K.  Hendricks  (Baltimore  &  Ohio)  : — I  v/ould  offer 
an  amendment  to  change  the  last  line  on  page  15,  substituting  for 
the  words  "next  to"  the  words  "towards  the  direction  of." 

(The  amendment  was  seconded  and  carried.) 

Ghairman  McDonald: — Is  there  any  further  discussion  on 
the  third  recommendation?    If  not,  we  will  pass  to  the  fourth. 

Mr.  Gushing: — The  fourth  recommendation  is  the  definition 
of  "Train-Order  Signal,"  as  follows :  "A  signal,  fixed  or  other- 
wise, of  two  indications,  which  in  the  stop  position  informs  the 
engineman  and  conductor  that  they  are  to  receive  orders  at  the 
telegraph  ofiice,  and  in  the  clear  position  announces  that  there  are 
no  orders  for  them." 

Mr.  Barnard : — I  move  you  the  adoption  of  the  fourth  recom- 
mendation. 

(The  motion  was  seconded  and  carried.) 

Mr.  Gushing : — The  fifth  recommendation  is  the  sweep  of  the 
arm  from  horizontal  to  90  degrees. 

Mr.  Rose : — I  move  it  be  adopted. 

Mr.  Stevens: — I  do  not  think  we  should  go  on  record  here 
as  giving  a  double  function  to  a  train-order  signal.  A  train-order 
signal  should  have  no  other  duty — it  should  mean  train  orders. 
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and  nothing  else.  There  should  be  no  doubt  about  it — no  possi- 
bility of  conflict  with  a  signal  displayed  for  other  purposes. 

Mr.  Gushing: — I  think  I  confused  the  gentleman  a  little  by 
reading  more  than  should  have  been  read  in  connection  with  the 
fifth  recommendation.  It  is  not  the  intention  to  have  such  a  state 
of  affairs  as  the  gentleman  mentions.  The  object  of  the  final 
recommendation  af  the  Committee  is  that  it  recognizes  a  signal 
casting  which  is  one  that  will  be  turned  into  a  block  signal  in  the 
future ;  in  good  block  signal  practice  to-day  there  is  as  much  per- 
missive block  as  absolute.  By  the  adoption  of  this  one  signal  cast- 
ing we  can  use  the  caution  position  in  it  when  we  turn  it  into  the 
block  signal.  It  is  not  the  idea  to  use  it  with  the  permissive  indi- 
cation for  train  orders.  It  is  perhaps  quite  necessary,  however,  to 
consider  that  in  that  connection  we  recommend  a  sweep  of  90 
degrees,  because  if  60  degrees  or  75  degrees  is  adopted  as  the 
proper  sweep  of  the  arm,  when  it  comes  to  making  that  into  a 
block  signal  in  the  future,  it  practically  means  throwing  away 
the  signal  casting  and  getting"  another  one  with  the  permissive 
position,  because  there  is  no  doubt  many  railroads  will  use  per- 
missive indication  for  a  long  time  to  come. 

Mr.  Stevens : — A  train-order  signal  displayed  means  stop.  It 
means  nothing  else.  It  never  can  mean  anything  else.  It  is  the 
most  important  signal  on  any  railroad.  When  once  displayed, 
it  can  not  be  withdrawn  until  the  purpose  for  which  it  was  dis- 
played is  fully  accomplished.  It,  therefore,  can  not  be  a  caution 
signal  in  any  sense  of  the  term. 

Mr.  Gushing: — It  is  not  a  caution  signal  as  used  in  train- 
order  signaling  practice.     We  do  not  recommend  that. 

Mr,  Mock : — The  question  seems  to  be,  shall  the  sweep  of  the 
arm  be  90  degrees  ?  The  vote  on  the  sketch  which  was  prepared 
by  the  Gommittee  last  year  showed  that  a  great  many  more  favored 
the  90-degree  angle  than  were  opposed  to  it.  It  was  submitted  for 
the  purpose  of  deciding  the  angle  sweep  for  a  universal  signal, 
block  signal,  train-order  signal  and  interlocking  signal,  since  the 
practice  on  some  roads  is  to  take  the  intermediate  step  and  intro- 
duce the  telegraph  block  as  soon  as  train  orders  can  not  handle  the 
business.  The  idea  of  the  Gommittee  is  to  get  a  signal  which 
would  be  universal,  and  used  first  for  the  purpose  of  train  orders, 
and  then  used  for  this  intermediate  step  of  telegraph  block  signal- 
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ing  without  changing*  the  castings,  because  many  roads  now  use 
the  same  signal  for  train  orders  and  for  the  telegraph  block. 

Chairman  McDonald : — As  I  understand  it,  the  effect  of  this 
fifth  recommendation  is  merely  to  enable  a  railroad  to  use  a  caution 
signal  if  it  wants  to ;  there  is  nothing  to  prevent  it  using  a  train- 
order  signal  as  a  stop  signal. 

Mr.  Gushing: — Yes.  The  final  portion  of  this  recommenda- 
tion is  the  adoption  of  the  universal  casting,  which  will  take  the 
place  of  the  75  styles  now  manufactured  by  one  company  alone, 
and  it  can  be  used  in  any  way  anyone  sees  fit,  by  changing  the 
position  of  the  glass. 

Mr.  Besler : — I  believe  this  Association  can  well  aft"ord  to  go 
on  record  as  favoring  the  90-degree  sweep.  The  train-order 
signal  is  so  important  and  means  so  much ;  thus  in  the  horizontal 
position  it  means  stop,  and  in  the  vertical  position  proceed.  I 
know  a  great  many  roads  have  the  intermediate  position,  of  60  or 
70  degrees,  for  the  proceed;  but  I  believe  it  would  be  better  to 
have  the  straight  horizontal  and  straight  vertical  mean  stop  or 
proceed,  and  then  in  case  there  was  any  intermediate  position  of 
the  arm,  it  would  indicate  that  the  signal  was  out  of  order,  and 
as  such  would  be  a  danger  signal ;  this  would  be  better  practice, 
I  believe,  than  present  conditions,  where  the  arm  may  not  go  to 
the  horizontal,  but  may  be  slightly  inclined,  and  there  be  a  question 
of  doubt  whether  it  is  intended  to  be  at  clear  or  stop. 

Mr.  F.  H.  McGuigan  (Grand  Trunk)  : — I  am  quite  in  accord 
with  the  views  expressed  by  Mr.  Besler  and  Mr.  Stevens,  as  I 
do  not  believe  the  train-order  signal  should  be  used  for  any  other 
purpose  except  to  signify  there  are  orders  or  no  orders  for  a  train 
at  the  station.  I  think  the  cautionary  or  permissive  position  for 
the  signal  would  be  a  risk  which,  this  Association  can  not  afford 
to  indorse,  and  I  would  also  favor  the  90-degree  sweep.  We  have 
signals  operating  at  almost  all  angles  on  different  sections  of  the 
road,  and  when  men  are  changed  from  one  section  of  the  road  to 
another,  we  are  very  particular  to  instruct  them  as  to  the  position 
of  the  semaphores  or  signals.  We  are  using  the  old  Nunn  train- 
order  signal,  which  we  hope  to  replace  very  soon  with  the  best 
modern  signal  we  can  find.  Our  semaphore  signals,  which  are 
placed  a  considerable  distance  on  each  side  of  the  station,  we  oper- 
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ate  entirely  distinct  and  separate  from  the  train-order  signal,  and 
are  regarded  as  entirely  distinct,  from  the  train-order  signal. 

Mr.  Gushing: — I  would  like  to  reply  briefly  to  what  Mr. 
McGuigan  said.  This  Committee  has  not  recommended  any  three- 
position  signals  for  train  orders.  It  has  tried  in  a  logical  way  to 
recommend  this  casting  shown  in  pretty  good  size  on  the  plate  for 
adoption  by  the  Association  as  a  universal  casting.  It  can  be  used 
even  for  more  than  train-order  signals,  as  we  are  proposing  now, 
and  we  will  doubtless  bring  that  up  in  another  report  later  on ; 
but  what  I  want  to  say  is,  by  adopting  a  90-degree  sweep  of  arm, 
this  same  signal,  when  you  double-track  the  road,  can  be  turned 
into  a  block  signal  by  putting  in  another  glass,  and  using  it  as 
such,  and  not  have  to  be  thrown  away.  We  are  not  advocating 
any  three-indication  train-order  signal.  We  are  endeavoring  to 
show  by  adopting  the  90-degree  sweep  it  allows  that  casting  to  be 
used  in  the  future,  for  the  caution  indication,  when  the  signal  is 
abandoned  as  a  train-order  signal  and  made  a  block  signal.  That 
is  all  there  is  to  it.  We  do  not  advocate  the  permissive  feature  in 
train  orders  at  all. 

Mr.  McGuigan : — I  was  not  present  at  the  commencement  of 
this  discussion,  and  from  the  remarks  which  have  been  made  by 
some  of  the  gentlemen  who  preceded  me  I  was  under  the  impres- 
sion that  some  favored  a  three-position  movement  for  the  sema- 
phore arm,  and  that  was  the  reason  I  ^^•ished  to  emphasize  my 
views  on  the  question. 

Chairman  McDonald : — The  chair  has  allowed  this  discussion 
to  go  some  distance  beyond  the  hour  for  adjournment,  thinking  it 
would  be  closed ;  but  as  the  discussion  seems  likely  to  be  extended, 
we  shall  adjourn.  Before  doing  so,  I  will  announce  the  Committee 
to  canvass  the  ballots :  E.  C.  Macy,  F.  L.  Nicholson,  I.  O. 
Walker. 

We  will  now  take  a  rising  vote  as  to  whether  we  shall  con- 
tinue our  sessions  during  to-morrow. 

(The  vote  was  taken,  and  it  was  decided  to  hold  sessions  on 
Thursday.) 
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AFTERNOON  SESSION. 

The  meeting  was  called  to  order  at  two  o'clock  by  the  Pres- 
ident, Mr.  George  W.  Kittredge. 

The  President : — The  fifth  recommendation  of  the  Committee 
on  Signaling  and  Interlocking  is  before  you  for  discussion.  Is 
there  any  further  discussion  on  the  fifth  recommendation,  that  the 
best  practice  is  to  have  the  range  of  the  semaphore  arm  from 
horizontal  to  90  degrees  ? 

Mr.  W.  H.  Elliott  (Chicago,  Milwaukee  &  St.  Paul)  :— As 
Mr.  Cushing  has  explained,  I  think  it  would  be  well  for  the 
Association  to  bear  in  mind  that  what  is  under  consideration  is 
the  design  of  the  signal  casting — whether  the  sweep  of  the  arm 
shall  be  60  degrees  or  90  degrees.  On  those  roads  that  are  using 
the  60-degree  travel  it  certainly  is  a  great  departure  to  use  the 
90-degree  travel ;  as  the  majority  of  the  members  of  the  Associa- 
tion use  the  60-degree  travel,  it  would  be  well  to  have  the  matter 
thoroughly  considered.  In  the  report  the  Committee  says :  "It 
is  undoubtedly  the  best  practice  to  have  this  range  from  horizontal 
to  90  degrees,  which  is  our  fifth  recommendation."  An  analysis 
of  the  vote,  as  given  on  plate  12,  is  stated  to  be  24  in  favor  of  the 
90-degree  angle  and  eight  in  favor  of  the  70-degree,  with  23  in 
favor  of  the  60-degree.  This  is  a  majority  of  one  in  favor  of  the 
90-degree  sweep.  It  is  doubtful,  of  course,  if  the  members  who 
voted  in  favor  of  the  70-degree  would  prefer  a  60-degree  sweep  or 
90-degree,  but  as  the  difference  is  only  10  degrees  in  one  case  and 
20  in  the  other,  the  inference  might  well  be  made  that  they  would 
prefer  a  60-degree  sweep  of  the  arm.  This  would  alter  the 
majority  of  the  vote  in  favor  of  the  60-degree  sweep  of  the  arm. 

An  analysis  of  the  vote  as  given  by  plate  12  shows  that  there 
are  17  roads  which  prefer  a  60-degree  sweep,  eight  for  the  70,  and 
but  14  for  the  90-degree.  Making  another  analysis,  it  is  shown 
that  if  the  vote  is  counted  of  those  who  are  in  executive  charge  of 
signal  work,  or  who  occupy  positions  of  engineers  of  maintenance- 
of-way,  chief  engineer  or  general  manager,  there  are  but  13  in 
favor  of  the  90-degree  and  21  in  favor  of  the  60-degree  angle 
casting.  The  60-degree  sweep  of  the  arm  possesses  one  thing  that 
is  very  essential  in  all  good  signaling,  and  that  is  that  the  indica- 
tion is  very  distinctive ;  it  can  be  more  plainly  seen  than  where  the 
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arm  is  parallel  with  the  pole.  It  stands  out  and  can  not  be  con- 
fused. If  it  is  parallel  with  the  pole,  there  is  a  question  as  to 
whether  the  arm  is  missing  or  is  merely  an  enlargement  of  part 
of  the  pole.  It  can  not  be  seen  nearly  so  far  in  one  case  as  in 
the  other.  Take  the  practice  adopted  on  the  Belgian  roads,  in 
which  the  arm  is  put  in  an  inclined  position,  upwards.  It  is  done 
on  account  of  distinctness,  practically  what  is  adopted  by  the 
Mosher  system  in  use  on  the  Erie  and  the  Santa  Fe  for  the  cau- 
tionary indication  of  the  arm.  The  object  stated  by  the  Commit- 
tee in  adopting  the  90-degree  travel  is  to  have  the  arm  inter- 
changeable and  used  for  all  situations.  This  is  a  very  desirable 
thing,  but  I  do  not  think  we  should  give  up  the  distinctness  of 
the  arm  for  the  sake  of  interchangeability.  If  the  arm  is  made 
interchangeable,  other  parts  of  the  signal,  which  are  not  quite  so 
expensive,  can  not  be  made  interchangeable,  and  there  is  prac- 
tically but  little  saved  by  adopting  interchangeability.  The  shaft 
has  'to  be  different  for  block  signals  where  there  are  two  castings 
on  one  shaft,  and  this  shaft  is  not  adapted  for  lise  at  interlockings. 
The  casting  for  the  90-degree  sweep  is  a  much  heavier  casting 
than  the  one  for  the  60-degree  sweep  and  costs  more.  The  cap  of 
the  casting  must  be  different  for  the  60-degree  sweep  from  what 
it  is  for  the  90.  So,  to  have  one  part  interchangeable,  other  parts 
are  not  interchangeable,  or  are  made  more  expensive.  There  is 
greater  difficulty  in  working  the  casting  of  the  arm  when  the 
sweep  is  90  degrees,  than  when  it  is  60.  There  is  30  degrees  more 
travel,  and  as  the  casting  in  each  case  is  weighted  about  the  same, 
the  signalman  does  more  work  in  one  case  than  in  the  other.  It 
is  hard  enough  now  to  get  the  arms  down  to  the  proper  position 
with  a  60-degree  casting  without  going  further  and  requiring 
more  work.  We  find  great  difficulty  in  keeping  our  arms  ad- 
justed and  getting  operators  to  pull  them  to  the  proper  position, 
and  with  a  90-degree  travel  on  this  difficulty  would  be  increased. 
Mr.  J.  C.  Mock  (Michigan  Central)  : — In  explanation,  as  I 
stated  at  the  morning  session,  this  vote  from  the  various  roads 
was  intended  to  cover  the  question  of  angle  position  for  all  signals. 
This  report  deals  with  train-order  signals  only.  On  plate  i,  the 
Michigan  Central  standard  train-order  signal  takes  a  sweep  of 
90  degrees,  whereas  in  the  tabulated  statement  the  Michigan  Cen- 
tral has  voted  70  degrees  for  the  universal  signal.     Therefore,  if 
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this  same  vote  were  taken  on  a  train-order  signal  only,  the  Com- 
mittee feels  confident  the  sweep  of  90  degrees  would  have  a  great 
majority  over  the  appended  tabulated  statement  shown  in  the 
report.  There  was  a  little  confusion  in  this  vote,  by  reason  of  the 
fact  that  the  question  of  three  positions  was  added  as  an  after- 
consideration,  and  some  of  the  members  voted  against  three- 
position  signal,  and,  therefore,  against  the  sweep  of  90  degrees, 
and  we  have  reason  to  believe,  after  going  over  the  correspond- 
ence accompanying  the  returns,  that  some  would  have  voted  for 
the  90-degree  sweep  for  two-position  signals,  but  voted  against 
the  three-position  signal,  and  that  this  majority  of  one  would  be 
very  much  increased  if  we  gave  you  a  separate  vote  on  the  sweep 
of  the  train-order  signal  only,  which  is  all  we  are  dealing  with 
in  this  report.  The  remarks  in  regard  to  the  amount  of  work 
done  in  clearing  the  signal  are  entirely  true,  but  the  short  con- 
nections that  train-order  signals  have,  as  a  rule,  do  not  make  that 
a  very  objectionable  feature. 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines)  : — I  would  like  to 
make  a  few  remarks  on  that  point.  One  of  our  objects  is  educa- 
tion as  well  as  finding  out  what  we  are  doing.  I  realize  that  the 
vote  is  very  close,  so  far  as  is  given  in  the  report,  and  undoubtedly 
it  has  been  very  much  influenced  by  the  present  practice  among 
the  members  who  made  the  vote.  As  to  changing  from  a  position 
of  signal  of  60  or  75  degrees  to  one  where  the  arm  comes  down 
90  degrees,  there  is  nothing  very  serious  about  it,  because  it  is  a 
period  of  transition  which  many  roads  have  already  gone  through. 
The  Pennsylvania  Lines  West  of  Pittsburg  have  gone  through 
that  change  some  time  ago  and  found  no  difficulty  in  regard  to  it. 
It  was  simply  a  case  of  carrying  on  the  work  systematically,  and 
in  moderate  quantities,  with  the  ultimate  object  of  arriving  at 
that,  and  there  appears  to  be  no  trouble  in  regard  to  it,  and  no 
particular  burden  felt  on  account  of  any  little  expense.  All  new 
work,  of  course,  would  be  put  in  with  the  new  castings.  All  roads 
are  continually  remodeling  here  and  there,  and  when  they  have 
an  opportunity  they  seize  it  and  change  the  style  of  castings.  We 
are  recommending  what  we  think  is  the  coming  signal  in  this  case, 
because  there  is  no  doubt  that  there  has  been  considerable  increase 
in  its  use,  and  it  is  growing,  and  while  the  vote  may  be  close  now, 
it  does  not  prove  that  it  will  be  just  as  close  next  year.     I  think, 
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also,  that  Mr.  Elliott's  remarks  in  regard  to  the  visibility  of  the 
blade  are  without  foundation.  I  have  had  experience  with  it  now 
for  many  years,  and  there  is  no  difficulty  in  regard  to  it.  The 
shape  of  the  casting  holds  the  arm  out  a  sufficient  distance  from 
the  post  to  make  it  absolutely  clear  and  distinct;  just  as  clear  and 
distinct,  and  I  believe  in  fact  more  so,  than  the  60'  or  75  degree 
position,  for  the  reason  that  in  the  latter  case  only  a  small  part 
of  the  arm  sticks  out  from  the  post ;  the  rest  of  it  is  coincident 
with  the  post ;  whereas,  in  the  arm  with  the  90-degree  movement, 
the  whole  arm  stands  out  from  the  post  to  the  side  of  it,  and 
there  is  a  greater  length  of  blade  visible  with  the  90-degree  posi- 
tion than  there  is  with  any  of  the  others,  and  I  think  that  experi- 
ence with  it  will  show  that  that  is  correct.  I  have  never  heard 
of  any  complaint  made  in  regard  to  not  being  able  to  see  such  a 
signal. 

Mr.  W.  G.  Besler  (Central  Railroad  of  New  Jersey)  : — I 
would  like  to  make  this  motion,  if  in  order,  as  the  fifth  recommen- 
dation :  "This  Association  recommends  as  the  best  practice  a 
fixed  train-order  signal  with  a  sweep  of  arm  of  90  degrees," — 
a  combination  of  the  two  paragraphs  recommended  by  the  Com- 
mittee. 

Mr.  Cushing: — That  does  not  change  the  recommendation 
of  the  Committee  at  all. 

Mr.  Besler: — No;  but  its  puts  in  form  what  T  would  have 
appear  as  the  fifth  recommendation. 

Mr.  Cushing: — What  is  the  object  of  changing  it? 

Mr.  Besler: — To  definitely  show  that  it  is  a  fixed  train- 
order  signal  and  to  eliminate,  if  this  discussion  here  is  to  be  made 
a  part  of  the  recommendation,  a  lot  of  reference  to  some  special 
design  of  casting  made  by  any  particular  manufacturer  or  firm. 
I  do  not  think  this  Association  should  recommend  anybody's 
material  or  goods. 

Mr.  Cushing: — One  objection  to  that— well,  I  suppose  that 
is  out  of  the  question.  Anyhow,  we  should  not  hesitate  to  say 
any  good  thing,  no  matter  who  makes  it,  is  good. 

Mr.  F.  H.  McGuigan  (Grand  Trunk)  :— I  am  decidedly 
opposed  to  mentioning  the  name  of  any  manufacturer  in  con- 
nection with  the  form  of  signal  that  should  be  adopted.  I  sec- 
ond the  amendment. 
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The  President : — The  amendment  made  by  Mr.  Besler,  and 
seconded,  is  that  this  x\ssociation  recommends  as  the  best  practice 
a  fixed  train-order  signal  with  a  sweep  of  arm  of  90  degrees.  Is 
that  90  degrees  to  be  horizontal  or  vertical  ? 

Mr.   Eesler: — Make  it  90  degrees  from  the  horizontal. 

The  President : — The  sweep  of  arm  from  the  horizontal  of 
90  degrees.     Is  the  Committee  willing  to  accept  that  substitute? 

Mr.  Gushing : — No,  sir ;  I  do  not  see  that  it  makes  any  dif- 
ference with  the  present  wording  here.  I  do  not  think  the  ob- 
jections amount  to  anything,  and  we  do  not  feel  that  it  is  nec- 
essary to  accept  it. 

The  President : — The  discussion  is  open  on  the  amendment 
of  Mr.  Besler. 

Mr.  W.  F.  Tye  (Canadian  Pacific)  : — Does  that  amendment 
cut  out  those  two  paragraphs?  Is  that  what  we  are  to  under- 
stand?    Cut  out  the  two  and  substitute  one? 

The  President : — The  fifth  recommendation  of  the  Com- 
mittee is  that  it  is  the  best  practice  to  have  the  range  of  the  fixed 
train-order  signal  from  horizontal  to  90  degrees.  Mr.  Besler's 
wording  is,  "This  Association  recommends  as  the  best  practice 
a  fixed  train-order  signal  with  a  sweep  of  arm  from  horizontal 
to  90  degrees."    A  question  largely  of  phraseology. 

Mr.  Tye : — I  do  not  understand  yet  what  is  to  be  cut  out 
of  the  present  report. 

The  President : — That  will  be  the  fifth  recommendation  of 
the  Committee,  and  that  is  what  goes  on  record,  with  the  stamp 
of  approval  of  the  Association. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie)  : — The  word- 
ing of  this  motion  might  cause  it  to  conflict  with  the  third  rec- 
ommendation here,  which  is,  that  it  is  proper  to  have  flags  by 
day  and  lamps  by  night. 

The  President : — Flags  and  lamps  are  not  fixed  signals. 

Mr.  Atwood: — This  recommendation  is  that  we  use  fixed 
signals,  and  I  did  not  understand  that  this  is  what  was  intended. 

Mr.  E.  E.  R.  Tratman  (Engineering  News)  : — The  report  is 
a  little  badly  arranged  in  that  it  puts  the  recommendations  in 
with  the  descriptions,  and  I  think  Mr.  Besler's  amendment  sep- 
arates the  two  and  makes  it  very  clear  just  what  the  recommen- 
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dation  is.  As  it  stands  in  this  paragraph,  we  have  the  three  de- 
grees of  arm  mentioned  right  above  the  recommendation,  and 
unless  we  read  that  very  carefully,  it  is  hard  to  see  exactly  what 
the  Committee's  recommendation  is.  Mr.  Besler's  amendment 
separates  the  recommendation  from  the  rest  of  the  paragraph 
and  makes  it  more  significant. 

Mr.  Hunter  McDonald  (Nashville.  Chattanooga  &  St. 
Louis)  : — I  will  ask  the  Committee  to  state,  in  as  succinct  lan- 
guage as  possible,  what  their  fifth  recommendation  is. 

Mr.  Cushing : — Mr.  Besler  has  stated  exactly  what  the  fifth 
recommendation  is.  The  other  words  are  simply  explanatory. 
It  seems  to  me  a  very  necessary  thing  to  have  explanatory  re- 
marks of  that  kind. 

(The  motion  was  carried.) 

Mr.  Besler: — That  action  makes  it  necessary  that  w^e  go 
back  and  reconsider  the  fourth  recommendation.  The  fourth 
recommendation  is  the  definition  of  the  train-order  signal,  as 
follows :  ''A  signal,  fixed  or  otherwise,  with  two  indications." 
I  want  to  call  attention  to  the  fact  that  we  should  not  in  this  As- 
sociation antagonize  the  American  Railway  Association  and 
their  work.  Their  work  has  been  adopted  by  the  roads  we  are 
representing  to-day.  The  report  of  the  Committee  on  Interlock- 
ing and  Block  .Signaling  has  received  the  approval  of  the  coun- 
try at  large  and  has  been  adopted  by  the  railroads  we  represent 
here  to-day.  Now,  the  standard  code  provides  that  "a  fixed  sig- 
nal" must  be  used  at  each  train-order  office  which  indicates  "stop" 
when  trains  are  to  be  stopped  for  train  orders.  When  there  is 
no  order,  the  signal  must  indicate  "proceed."  This  fourth  rec- 
ommendation says,  "A  signal,  fixed  or  otherwise."  The  stand- 
ard code  says,  "A  fixed  signal ;"  does  not  say,  "fixed  signal 
or  otherwise."  Consequently,  to  be  in  line  with  the  American 
Railway  Association,  we  should  change  the  language  of  the 
fourth  recommendation,  making  it  read,  "A  fixed  signal  of  two 
indications,"  striking  out  the  words  "or  otherzuise."  I  make  that 
as  a  motion. 

The  President: — It  is  moved  and  seconded  that  the  fourth 
recommendation  as  adopted  this  morning  be  modified  in  ac- 
cordance with  the  statement  of  Mr.  Besler?  Will  }ou  reduce 
that  to  writing:? 
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Mr.  Elliott : — Would  it  not  be  well  to  substitute  the  word 
"proceed"  for  the  word  "clear?"  The  American  Railway  As- 
sociation has  given  up  the  use  of  the  word  "clear." 

Mr.  Besler : — A  very  good  suggestion.  I  would  like  to 
have  that  substituted. 

Mr.  Gushing: — I  would  like  to  explain  why  it  is  put  in  that 
way.  The  American  Railway  Association  makes  the  recom- 
mendation exactly  as  Mr.  Besler  says,  but  there  isn't  anybody 
conforming  to  it  that  I  know  of.  Nearly  all  roads  are  still  using 
the  flag  more  or  less  for  train  orders.  The  reports  coming  in 
from  the  different  roads  show  that  that  is  as  outlined  in  the  pre- 
vious part  of  tne  report.  The  Committee  thought  under  those 
circumstances  it  was  proper  to  recognize  that  flags  were  used 
for  that  purpose,  and  the  Association  has  already  acted  to  that 
effect.  The  words  "or  otherwise"  are  meant  to  cover  those 
flags.  That  is  all  that  it  is  in  there  for — simply  recognizing  the 
present  practice.  The  American  Railway  Association  says,  "A 
fixed  signal  to  be  used  for  train  orders,"  and  that  is  all  they  say. 
They  do  not  deal  with  the  trouble  that  we  have  with  more  than 
one  track.  They  stick  one  signal  up  away  off  on  one  side.  With 
a  four-track  railroad,  when  two  trains  are  coming  on  parallel 
tracks  in  both  directions  and  they  do  not  know  which  is  meant, 
it  necessarily  stops  them  both.  The  American  Railway  Asso- 
ciation has  not  dealt  with  that  matter  yet,  or,  if  it  has,  it  has  not 
left  it  a  matter  of  permanent  record. 

This  Committee  hoped  later  on  to  try  and  deal  with  that 
question  without  waiting  for  the  American  Railway  Association  to 
deal  with  it,  as  we  consider  it  a  part  of  our  duty  to  suggest  proper 
layouts.  We  are  also  after  maintenance  of  principles  as  outlined 
in  the  report,  and  it  is  a  very  easy  thing  to  cut  away  from 
principles,  unless  they  are  very  rigidly  adhered  to.  There  cer- 
tainly is  no  principle  whatever  in  the  present  position  of  the  train- 
order  signal  as  used  on  most  railroads.  It  is  undergoing  a  change 
at  the  present  time,  and  some  roads  have  made  a  partial  change 
without  carrying  it  to  the  point  where  it  covers  all  cases.  It  is 
expensive  to  make  that  arrangement,  but  it  will  come  some  time, 
and  we  may  change  this  whole  recommendation  in  regard  to  this 
in  the  future  when  we  think  we  have  hit  upon  something  that  will 
cover  the  situation.     There  isn't  anybody  here  that  can  say  that 
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the  American  Railway  Association  rule  in  regard  to  train-order 
signals,  as  it  stands  on  their  books  to-day,  is  definite  and  precise 
and  deals  with  all  the  conditions  on  a  busy  four-track  and  six- 
track  railroad. 

Mr.  jMcDonald : — It  appears  to  me  that  we  are  getting  in 
rather  deep  waters.  Mr.  Besler  assured  us,  when  that  motion 
was  put,  that  it  was  the  same  thing  as  the  fifth  recommendation 
of  the  Committee.  The  Committee  accepted  it  as  such  ;  it  was 
passed,  and  now  it  is  necessary  to  amend  the  fourth,  and  then  we 
will  get  back  to  the  third,  and  the  first  thing  we  know  we  will 
have  the  whole  report  thrown  overboard.  I  think  it  is  in  order  to 
move  a  reconsideration  of  that  fifth  clause.  I  did  not  vote  upon 
it  at  all,  because  I  did  not  know  what  was  going  on. 

(Motion  seconded.) 

The  President : — There  is  already  a  motion  before  the  con- 
vention, and  I  do  not  see  how  the  motion  to  reconsider  the  fifth 
paragraph  can  be  attached  as  an  amendment  to  the  motion  before 
the  convention. 

Mr.  Elliott : — As  I  understand  the  position  of  the  Committee, 
they  assume  that  a  flag  is  a  train-order  signal.  If  that  is  so,  then 
the  other  reads :  "And  in  a  clear  position  announces  that  there 
are  no  orders  for  them."  This  would  mean  when  there  is  no 
signal  displayed  there  are  no  orders  for  them.  Correct  signaling 
prescribes,  according  to  the  American  Railway  Association,  that 
the  absence  of  a  signal  means  "stop,"  "danger,"  and  the  use  of 
the  flag  signal  conflicts  with  the  use  of  the  semaphore  signal  in 
the  construction  of  this  term. 

Mr.  Cushing: — My  attention  has  just  been  called  to  another 
important  point.  The  rules  Mr.  Besler  has  been  quoting  are  for  a 
single-track  railroad.  The  American  Railway  Association  has 
not  dealt  with  train  orders  on  any  more  than  one  track.  Now,  it 
is  all  right  to  place  that  signal  on  the  tower,  as  is  the  common 
practice  on  a  single-track  railroad,  and  it  is  not  necessary  to  have 
flags  or  anything  else ;  but  when  you  come  down  to  a  two,  three 
or  four-track  railroad,  train  orders  have  to  be  issued,  unless  it 
has  a  complete  signal  system  for  blocking  in  every  direction 
throughout,  which  nobody's  railroad  has  to-day,  and  the  Com- 
mittee is  trying  to  recognize  that  for  that  case.  That  is  what  is 
causing  this  difference  of  opinion  here.     Mr.  Besler  is  talking 
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about  single-track  rules,  exclusively ;  we  are  talking  about  a  rail- 
road with  more  than  one  track  as  well.  If  you  begin  placing 
your  signals  all  right  on  a  single-track  railroad,  and  have  definite 
principles  to  go  by,  you  can  succeed  in  placing  those  signals  all 
right  for  every  other  track  you  put  down,  but  it  requires  consid- 
erable more  expense  than  any  railroad  is  putting  into  that  kind 
of  thing  to-day.  The  report  of  answers  on  what  the  railroads  are 
doing  to-day  clearly  shows  that  when  they  run  trains  in  the 
reverse  direction  they  hang  out  a  flag  or  send  a  man  down  on 
the  track  with  it  in  the  daytime  and  with  a  lantern  at  night.  If 
they  have  an  obstruction  on  a  four-track  railroad,  on  all  but  one 
of  the  tracks,  they  do  the  same  thing,  because  there  are  none  of 
them  signaled  for  the  emergency ;  not  even  the  New  York  division 
of  the  Pennsylvania  Railroad  is  signaled  to-day  to  enable  it  to 
run  trains  in  the  reverse  direction  under  block  rules.  That  is  the 
whole  trouble  on  which  we  are  splitting  now. 

J\Ir.  Besler : — I  must  differ  with  the  gentleman.  The  Amer- 
ican Railway  Association  has  formulated  double-track  rules.  I 
am  talking  about  double-track  rules,  and  at  the  October  meeting 
in  Detroit  the  double-track  code  was  adopted  by  the  country  at 
large.  We  are  talking  about  the  same  thing.  I  am  simply  en- 
deavoring to  get  this  Committee  straight  on  what  they  are  trying 
to  present  to  the  Association  and  have  it  consistent  with  the  Amer- 
ican Railway  Association  practice  and  with  itself.  I  have  changed 
in  no  respect  their  fifth  recommendation,  except  to  clear  it  up  a 
little.  Having  cleared  it  up,  and  it  having  been  adopted  by  the 
Association,  we  simply  want  to  make  our  fourth  recommendation 
consistent  therewith  by  wiping  out  the  words  "or  otherwise." 

Mr.  Gushing : — Why  is  it  necessary  to  go  back  to  the  fourth 
recommendation  again?  I  do  not  see  that  this  has  anything  to 
do  w^ith  it.  Furthermore,  I  would  like  to  ask  Air.  Besler  how  he 
handles  train  orders  on  four  tracks.    He  has  a  four-track  railroad. 

Mr.  Besler : — We  have. 

Mr.  Gushing: — He  has  no  rules  of  the  American  Railway 
Association  for  doing  it. 

Mr.  Besler: — I  would  call  attention  to  page  27,  figure  21. 
You  will  note  there  how  we  handle  train  orders  for  four  tracks. 
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Now,  the  question  of  expense  and  cost  should  not  enter  into  our 
consideration  of  this  question  at' all.  Perhaps  we  are  not  prepared 
at  this  time,  and  may  not  be  for  some  time  to  come,  to  be  at  the 
expense  of  some  of  these  changes,  but  this  Association  sliould 
recommend  what  we  should  adopt  when  these  changes  do  come. 
Nor  should  we  attempt  to  defend  and  establish  as  standards  the 
obsolete  methods  of  hand  and  lamp  signals  for  train  orders.  There 
is  no  one  who  would  attempt  to  defend  that  except  as  an  adjunct 
or  auxiliary,  or  in  the  absence  of  a  better  method.  If  you  say 
you  can  not  afiford  it,  very  good ;  until  such  time  as  you  can  afford 
it  you  will  use  the  best  means  you  can  afford,  but  that  should  not 
prevent  our  recommending  to  the  country  at  large  what  is,  and 
should  be,  first-class  railroad  practice. 

The  President: — Any  further  discussion?  The  question  be- 
fore the  Association  now  is  to  change  the  fourth  recommendation, 
defining  a  train-order  signal,  so  that  it  will  read  as  follows : 
"A  fixed  signal  of  two  indications  which  in  stop  position  informs 
the  engineer  and  conductor  that  they  are  to  receive  orders  at  the 
telegraph  office,  and  in  a  proceed  position  announces  that  there 
are  no  orders  for  them." 

(The  amendment  was  carried.) 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — That  we  may 
be  consistent  in  this  matter,  I  move  that  the  third  recommendation 
be  stricken  from  the  record. 

The  President : — Mr.  Stevens,  would  you  move  that  the  ac- 
tion of  the  Association  in  regard  to  the  third  recommendation  be 
reconsidered  and  that  the  third  recommendation  be  stricken  from 
the  list? 

Mr.  Stevens  : — I  will  amend  it  along  these  lines. 

Mr.  Besler: — I  think  it  should  be  done,  but  whether  we  are 
prepared  to  go  quite  that  far  is  a  matter  that  I  would  like  to 
think  about.  We  do,  and  must  for  some  time  to  come,  use  hand 
flags  and  lamps.  Whether  this  Association  should  stamp  its  ap- 
proval on  such  antiquated  methods  is  the  question  about  which  I 
have  some  doubt.  If  we  leave  out  the  words  "indorsement  of  the 
Association,"  I  think  it  would  come  nearer  filling  the  exact  condi- 
tions.    We  recognize  that  such  is  the  case ;  do  we  indorse  it  ? 
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Mr.  McDonald: — Mr.  Chairman,  I  would  call  attention  to 
the  fact  that  that  very  language  was  changed  when  the  resolution 
was  adopted.  The  Committee  agreed  to  strike  out  the  word  "in- 
dorsement" and  substitute  the  word  "recognition." 

Mr.  Cushing: — The  Committee  will  accept  that.  The  intent 
was  in  the  discussion  of  it  to  do  that. 

The  President : — It  is  my  recollection  that  the  word  "indorse- 
ment" was  modified,  but  I  have  forgotten  now  just  the  wording. 

Mr.  Cushing : — "Recognition." 

The  President : — The  third  recommendation  of  the  Commit- 
tee is  "recognition."  In  view  of  that,  ]\Ir.  Stevens,  do  you  with- 
draw your  motion? 

;Mr.  Stevens  : — I  do. 

The  President : — I  will  call  upon  the  Committee  for  remarks 
in  regard  to  their  sixth  recommendation. 

;Mr.  Cushing : — The  Committee  will  first  withdraw  the  par- 
agraph beginning  with  "The  fixed  train-order  signal,"  above  the 
last  paragraph,  so  as  to  avoid  any  more  confusion  about  that  mat- 
ter in  the  future.  It  is  not  really  essential  to  the  understanding 
of  the  rest  of  it. 

The  President: — That  means  beginning  with  "The  fixed 
train-order  signal"  and  ending  "as  the  practice  may  be." 

INIr.  Cushing : — Yes ;  cutting  that  out  entirely.  "In  per- 
missive block  signaling,  the  next  logical  step  in  advance,  this 
third  indication  is  a  necessity.  As  the  ultimate  destiny  of  the 
fixed  train-order  signal  is  to  become  a  block  signal,  let  the  same 
casting  be  used  in  both  cases ;  in  other  words,  let  all  signal  cast- 
ings be  three-indication  or  position,  and  blind  the  lens  hole  not 
needed  at  the  time,  or  make  it  a  continuous  light  by  inserting  red 
glass  in  the  45-degree  position  hole.  The  same  casting  can  be 
used  both  by  roads  having  green  for  caution  and  those  having 
yellow  for  caution.  For  those  employing  combinations  of  colors, 
if  they  desire  to  continue  this  practice,  a  special  casting  will  be 
necessary.  The  vote  polled  on  the  continuous-light  principle,  ac- 
cording to  Circular  Xo.  35,  resulted  in  32  for  that  principle,  19 
for  the  blind  shield,  and  three  for  no  safeguard  whatever.  These 
principles,  together  with  the  angle  of  ami,  are  illustrated  in  plate 
12.     It  is  the  will  of  the  Association,  therefore,  as  expressed  by 
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the  recorded  vote,  to  have  a  fixed  train-order  signal  with  a  sweep 
of  arm  of  90  degrees,  and  with  a  spectacle  casting  arranged  on 
the  continuous-light  principle.  The  plan  of  such  a  signal  is  pre- 
sented on  plate  13,  and  it  is  recommended  for  adoption  as  the 
standard  of  the  American  Railway  Engineering  and  Mainte- 
nance of  Way  Association,  being  the  sixth  recommendation  of 
this  report. 

"This  signal  is  suitable  for  either  a  train-order,  or  interlock- 
ing, or  automatic  block  signal.  It  can  be  used  for  either  two 
or  three  indications,  and  is  suitable  for  those  roads  having  red 
for  'stop,'  green  for  'caution'  and  white  for  'proceed'  or  'no 
orders,'  or  for  those  having  red  for  'stop,'  yellow  for  'caution' 
and  green  for  'proceed'  or  'no  orders.'  Furthermore,  it  is 
adaptable  for  roads  desiring  to  be  more  economical,  and  put 
two  arms  on  one  mast  for  both  directions,  because  the  top  of  the 
mast  can  then  be  made  flat  and  the  lamp  placed  thereon.  The 
mast,  as  well  as  the  signal  arm  and  casting,  is  recommended  for 
standard,  but  neither  the  color  of  arm  nor  form  of  casting  is 
under  consideration  in  the  present  report."  The  plate  referred  to 
clearly  shows  all  the  combinations  mentioned  in  the  report,  and 
this  is  presented  as  something  definite  for  the  Association  to 
act  upon. 

The  President : — What  shall  we  do  with  the  sixth  recommen- 
dation ? 

Mr.  McGuigan : — A  number  of  gentlemen  here  and  myself 
do  not  understand  the  disposition  of  the  fifth  clause.  When  the 
question  of  the  fifth  was  taken  up,  then  a  reconsideration  of  the 
fourth  was  asked  for.  That  was  voted  on  and  carried,  but  the 
fifth  has  not  yet  been  disposed  of,  as  I  understand  it. 

The  President : — The  fifth  was  adopted,  and  the  adoption  of 
the  fifth  made  it  necessary  to  go  back  to  the  fourth.  Tlie  fifth 
as  adopted  is :  "This  Association  recommends  as  the  best  prac- 
tice a  fixed  train-order  signal  with  a  sweep  of  arm  from  the  hor- 
izontal to  90  degrees." 

Mr.  McGuigan : — Do  we  understand  that  eliminates  the 
first  paragraph,  cutting  out  all  reference  to  castings  and  signals 
provided  by  the  Union  Switch  &  Signal  Company? 
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The  President : — Yes,  sir ;  and  this  only  is  the  recommen- 
dation of  the  Association. 

■]\Ir.  McGuigan : — It  would  seem  to  me,  then,  that  the  sixth 
paragraph  is  sufficiently  covered  by  the  fifth  and  that  it  might 
be  eliminated  entirely.    I  would  move  you  that  this  be  done. 

(Motion  seconded.) 

The  President : — There  seems  to  be  a  difference  in  the  two, 
in  that  while  the  sixth  says,  "A  train-order  signal  with  sweep  of 
arm  of  90  degrees,"  it  also  has,  "With  a  spectacle  casting  ar- 
rangement on  the  continuous-light  principle." 

Mr.  McGuigan: — I  had  overlooked  that.  Well,  I  offer  the 
motion  for  the  purpose  of  getting  an  expression  of  the  Associa- 
tion. 

The  President : — What  shall  we  do  with  the  sixth  recom- 
mendation ? 

Mr.  Mock : — The  Committee  are  endeavoring  to  get  some 
standards,  not  only  on  principle  but  on  designs.  Possibly  they 
have  gone  farther  than  was  right  in  submitting  a  special  de- 
sign. Of  course,  those  who  have  a  great  deal  of  joint  work 
know  what  an  annoyance  it  is  for  railroads  to  carry  the  various 
designs  of  material  necessary  for  repairs.  That  has  been  em- 
phasized from  year  to  year  by  this  Committee,  and  essentially  this 
same  design  has  been  offered.  It  is  a  design  that  may  be  used  by 
all  railroads  and  all  signal  companies,  and  we  have  been  anxious 
that  the  Association  would  go  farther  than  adopting  principles  and 
give  us  something  that  we  would  be  able  to  replace  that  would 
be  satisfactory  to  all  roads  engaged  jointly.  That  is  a  step  for- 
ward. 

Mr.  Besler: — I  should  like  to  ask  the  Committee,  is  plate  13, 
as  shown  here,  a  patented  device? 

Mr.  Cushing : — Not  to  our  knowledge ;  no,  sir.  The  first 
drawing  of  that  signal  was  made  in  the  Pennsylvania  Lines* 
office;  it  is  now  being  manufactured  for  the  Pennsylvania  Lines 
by  the  Union  Switch  &  Signal  Company.  I  have  never  followed 
up  the  question  of  patents  to  know  whether  there  has  been  a 
patent  applied  for  or  taken  out  on  it  at  all.  I  would  like  to  say 
a  word  about  that  while  I  am  on  my  feet.  I  do  not  understand 
why  people  are  afraid,  in  an  Association  of  this  kind,  to  say  any- 
body's appliance,  or  plan,  or  make  of  something,  is  good.     I  do 
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not  see  why  we  should  be  in  a  position  of  being  compelled  to 
adopt  something  that  is  not  as  good  as  somebody  else  has,  simply 
because  it  has  his  name  on  it.  But  that  is  entirely  outside  of  this 
consideration.  This  plan  has  not  anybody's  name  on  it.  It  is 
recommended  as  the  Committee's  design;  whether  they  actually 
got  it  up  themselves  or  not  is  another  matter ;  but  I  can  say,  from 
the  use  of  the  casting  and  its  appearance,  that  there  is  not  a  neater 
signal  casting,  nor,  in  fact,  a  neater  whole  signal  than  that  one, 
no  matter  who  makes  it. 

The  President : — It  is  moved  and  seconded  that  the  sixth 
recommendation  be  eliminated. 

Mr.  McDonald : — ]\Ir.  Chairman,  I  would  like  to  vote  intel- 
ligently on  that  question.  I  am  not  a  signal  expert,  but  I  do  not 
understand  that  the  adoption  of  this  casting  is  in  any  manner  in 
conflict  with  the  question  of  two-position.  It  can  be  used  in  that 
way,  and  I  understand  that  it  can  also  be  used  by  those  roads 
who  desire  to  use  it  in  three-position.  If  that  is  the  case,  I 
should  certainly  vote  in  favor  of  the  adoption  of  the  casting  as 
it  now  stands. 

Mr.  Cushing: — That  is  it  exactly. 

Mr.  Mock: — If  we  omit  the  sixth  recommendation,  we  are 
losing  the  continuous-light  principle  that  the  Association  has 
favored,  that  is,  the  train-order  signal  is  to  have  a  sweep  of  90 
degrees,  and  to  embody  the  continuous-light  principle.  We 
should  certainly  revise  that  fourth  recommendation  and  include 
the  continuous-light  principle. 

Mr.  Besler: — In  paragraph  6,  the  only  point  which  is  not 
covered,  as  I  understand  it,  in  the  recommendation  as  it  has  been 
adopted  by  the  Association,  is  the  lines,  "With  a  spectacle  cast- 
ing arranged  on  the  continuous-light  principle."  Now,  we  have 
already  adopted  all  that  goes  before  that  phrase,  and  if  this  phrase 
be  added  to  the  fifth  recommendation  already  adopted,  you  will 
then  have  the  fifth  and  sixth  combined  in  one.  I  will  move  that 
the  words  "And  with  a  spectacle  casting  arranged  on  the  con- 
tinuous-light principle"  be  added  to  the  fifth  recommendation 
as  already  adopted,  making  the  fifth  recommendation  of  the 
Association,  "The  Association  recommends  as  the  best  practice 
a  fixed  train-order  signal,  with  a  sweep  of  arm  from  the  hori- 
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zontal  of  90  degrees,  and  with  a  spectacle  casting  arranged  on 
the   continuous-Hght  principle." 

JNIr.  Elliott: — Mr.  Chairman,  I  notice  the  use  of  the  term 
"spectacle  casting;"  in  the  definition  it  is  called  "arm  casting," 
and  the  term  "spectacle  casting"  is  done  away  with.  Should  we 
not  change  that  ? 

The  President : — In  order  that  we  may  not  get  confused,  the 
former  motion,  that  paragraph  No.  6  be  eliminated,  should  be 
withdrawn  in  view  of  Mr.  Besler's  remarks. 

Mr.  Besler : — I  will  make  that  as  a  substitute  for  the  motion. 

The  President : — With  the  consent  of  your  second. 

Mr.  McGuigan: — That  was  my  motion.  I  think  the  better 
way  to  dispose  of  it  would  be  to  put  that  motion  before  the  Asso- 
ciation, and  then  put  Mr.  Besler's  motion,  and  follow  his  motion 
to  amend  the  fifth  recommendation. 

Mr.  C.  S.  Corrigan  (Southern  Pacific)  : — I  would  like  to  say 
that  if  we  take  this  out  altogether,  we  lose  the  explanation,  v/hich 
shows  how  they  can  use  the  green  or  yellow  glass  for  caution,  no 
matter  which  color  is  adopted  by  the  road.  I  think  the  sixth  rec- 
ommendation is  all  right  and  just  explains  a  little  more.  I  do  not 
think  we  ought  to  cut  out  everything  in  the  way  of  explanation; 
there  are  some  people  who  would  not  notice  that. 

The  President : — The  question  is  on  the  elimination  of  the 
sixth  recommendation.    Any  further  discussion? 

Mr.  Gushing: — In  order  that  all  members  may  be  fully  ad- 
vised as  to  the  object  of  this  motion,  I  think  that  the  gentleman 
who  made  it  ought  to  state  clearly  and  plainly  before  the  Associa- 
tion why  it  is  he  objects  to  the  sixth  recommendation.  It  com- 
plies with  all  of  the  resolutions  passed  by  the  Association  hereto- 
fore ;  does  not  violate  any  of  the  principles.  We  have  understood 
in  our  instructions  as  received  that  we  were  expected  to  get  up 
such  designs  as  these,  and  I  would  like  to  have  it  made  clear  to  me 
whether  that  is  a  mistake,  and  that  it  is  simply  general  principles 
we  are  to  outline,  or  exactly  what  it  is.  I  do  not  understand  why 
there  is  any  objection  made  to  this  particular  design.  There  have 
never  been  any  specific  objections  made  to  it  that  I  know  of.  It 
complies  with  all  of  the  conditions.  Let  us  know  honestly  and 
fairly  what  the  objections  mean.     There  is  no  use  in  the  Com- 
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mittee  laboring  under  a  misunderstanding-.  If  we  are  not  to  make 
designs  of  this  kind,  we  would  be  glad  to  get  the  information ; 
but  we  do  not  want  to  go  to  work  and  make  them  when  we  are 
not  expected  to,  and  I  think  it  is  only  due  to  us  to  have  that 
explanation. 

Mr.  McGuigan : — We  stated  one  reason.  The  other  reason 
was  that  we  believe  the  essential  features  of  the  sixth  recom- 
mendation are  embodied  in  the  fifth.  We  are  not  entirely  clear  as 
to  the  advantages  of  having  the  sixth,  and  expressed  our  wish  to 
get  the  sense  of  the  Association.  We  want  to  hear  what  the 
members  have  to  say.  For  that  reason  we  would  be  glad  to  have 
a  vote  on  it. 

Mr.  H.  T.  Porter  (Bessemer  &  Lake  Erie)  : — As  I  read  it, 
this  fifth  recommendation  is  that  the  train-order  signal  should 
have  a  sweep  of  90  degrees,  and  that  is  the  essence  of  the  recom- 
mendation. Now,  in  regard  to  the  sixth  recommendation,  it  is 
more  especially  a  description  of  a  casting  for-  a  signal  that  can 
be  used  for  all  purposes ;  that  is,  you  can  take  this  casting,  and  it 
makes  no  difference  what  method  you  are  following  on  your  road 
at  present,  whether  you  use  the  horizontal  for  "danger"  and  the 
inclined  for  "proceed,"  or  w^iether  you  want  to  adopt  the  still 
later  method  of  having  the  vertical  for  "proceed,"  you  can  do  it 
with  this  casting.  For  all  new  signals  that  you  have  to  put  up,  it 
does  not  make  any  difference  what  method  you  are  following 
now,  you  can  follow  it  with  this  casting.  I  do  not  see  any  reason 
why,  when  they  have  designed  a  casting  with  these  improvements 
over  previous  castings-  that  have  been  used,  it  is  necessary  to 
change  the  recommendation  of  the  Committee  and  add  to  it  the 
fifth  recommendation  without  accomplishing  something.  I  think 
we  ought  to  leave  the  Committee's  work  undisturbed  as  far  as 
possible.  In  making  a  change  we  should  make  some  improvement 
on  their  work.  It  seems  to  me  that  the  two  recommendations  are 
entirely  distinct.  One  is  the  recommendation  as  to  the  amount  of 
sweep  in  a  train-order  signal ;  the  other  is  the  recommendation  as 
to  the  construction  of  a  casting  that  is  adapted  for  all  purposes. 

Mr,  McDonald: — There  is  one  matter  I  want  to  mention,  and 
I  think  the  Committee  might  have  called  attention  to  it,  but  as  they 
have  not  done  it  I  think  it  the  dutv  of  a  member  of  the  Board  to 
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do  it,  and  that  is,  the  Committee  was  asked  to  present  a  mechanical 
expression  of  the  rules  of  the  American  Railway  Association  with 
regard  to  train-order  signals,  and  I  understand  that  this  casting 
is  the  one  that  they  have  sent  in  answer  to  those  instructions. 

Mr.  Besler : — I  will  answer  in  a  word  the  question  asked  by 
the  chairman  of  the  Committee,  as  to  one  reason  why  we  have 
taken  exception  to  the  recommendation  in  the  form  presented. 
We  have  agreed  in  the  main  with  all  that  the  Committee  has  pre- 
sented, but  we  have  had  to  change  it  in  order  to  make  it  con- 
sistent with  the  American  Railway  Association  practice.  I  am 
agreeable  to  the  form  of  the  casting  which  shall  give  us  the  con- 
tinuous-light principle.  I  think  that  is  all  right.  We  are  talking 
about  a  train-order  signal  with  two  positions,  with  a  '"proceed" 
and  a  "stop"  position.  Now,  in  the  argument  which  leads  up  to 
the  sixth  recommendation,  the  Committee  goes  out  of  its  legiti- 
mate scope  of  dealing  with  train-order  signals  and  begins  discuss- 
ing block  signals  with  the  train-order  board  or  signal.  That  is 
not  permissible,  that  is  not  American  Railway  Association  prac- 
tice, and  whether  this  signal  and  this  particular  form  of  sema- 
phore which  they  submit  covers  what  they  suggest  here  in  the 
shape  of  permissive  blocking,  and  saving  of  throwing  away  cast- 
ing, and  so  forth,  at  a  later  period,  when  you  may  adopt  something 
else,  is  not  the  point  we  are  discussing.  We  have  under  dis- 
cussion a  train-order  signal  of  two  positions,  and  continuous-light 
principle.  Add  to  the  fifth  recommendation,  "describing  the  90- 
degree  throw  of  your  arm,  the  continuous-light  principle  of  that 
arm,"  then  if  you  wish  to  take  up  block  signal  practice,  that  is  a 
different    question.     We   are   talking   about    train-order    signals. 

Air.  Cushing : — Anybody  presenting  a  matter  for  considera- 
tion has  a  right  to  make  his  argument  as  strong  as  possible.  The 
only  object  in  mentioning  these  other  things  and  illustrating  them 
in  the  way  they  are,  was  to  make  our  argument  for  the  one  we 
are  pressing  here  stronger.  That  is  all  there  is  to  it.  This  com- 
plies with  the  instructions  of  the  Association,  and  if  we  have  put  in 
a  little  extraneous  matter,  it  is  simply  to  strengthen  our  position 
and  show  why  we  make  this  particular  recommendation. 

The  President : — The  question  is  on  the  elimination  of  the 
sixth  recommendation. 
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(The  motion  was  not  carried.) 

Mr.  Barnard : — I  believe  it  is  in  order  to  move  the  adoption 
of  the  sixth  recommendation  of  the  Committee. 

The  President : — It  is  open  for  discussion. 

(There  being  no  discussion  on  the  question,  the  motion  was 
carried.) 

The  President: — The  next  subject  is  "Compensation  of  Pipe 
Lines."    That  is  the  next  heading  of  the  Committee's  report. 

Mr.  Cushing : — I  move  that  it  be  adopted  as  a  whole. 

(The  motion  was  carried.) 

Mr.  Cushing : — I  think  that  covers  all  of  the  report  with  the 
exception  of  the  definitions,  and  I  suggest  in  regard  to  the  defini- 
tions that  they  be  printed  as  they  stand,  and  the  members  under- 
stand, when  they  leave  here,  that  they  should  write  to  the  Com- 
mittee from  time  to  time  any  objections  they  have  to  these  defini- 
tions, and  make  suggestions  for  improvement,  and  the  Committee 
will  take  that  into  consideration  and  make  its  report  in  regard  to 
them  at  the  next  meeting.  If  they  find  an  overwhelming  opinion 
for  some  particular  modification  of  the  definition,  we  will  be  glad 
to  change  it  accordingly ;  and  also,  where  there  are  other  terms 
which  the  members  would  like  to  have  defined,  if  they  will  sug- 
gest a  definition  for  consideration  by  the  Committee,  they  will 
take  it  up  and  try  to  work  it  out  in  the  same  way.  The  object  is 
to  keep  a  continuous  glossary  before  us  of  definitions,  and  this  can 
be  added  to  from  time  to  time.  What  is  here  is  only  a  few  of  the 
numerous  definitions  necessary  in  interlocking  and  signal  work, 
and  I  think  that  we  can  make  the  best  headway  by  treating  the 
matter  in  that  way.  That  will  entirely  finish  the  Committee's 
report. 

The  President : — The  chairman  would  suggest  that  for  the 
purpose  of  helping  the  Association  in  its  meeting  and  in  order 
to  conserve  its  time  to  the  best  advantage  that  the  Committee 
confine  their  definitions  to  the  words  which  appear  in  the  re- 
port, and  in  previous  reports  on  the  same  subject,  and  not  try  to 
cover  all  the  definitions  that  refer  to  interlocking.  If  we  under- 
take to  discuss  the  definitions  and  by  so  doing  cut  out  other  re- 
ports, we  would  not  be  adopting  a  desirable  course. 

Mr.  Cushing: — The  trouMe  with  that  is  that  it  is  necessary 
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to  define  the  principal  terms  or  beginnings  of  terms  used  in 
work,  especially  in  this  signal  work,  and  they  may  not  appear  in 
the  report,  and  it  occurred  to  us  that  it  would  not  make  any  unnec- 
essary discussion  by  printing  a  considerable  list  and  having  it 
done  by  letter. 

The  President: — Mr.  Gushing  has  made  a  motion  that  the 
portion  of  the  report  referring  to  definitions  be  accepted  by  the 
Association  as  a  report  of  progress  and  referred  for  written  dis- 
cussion. 

(The  motion  was  carried.) 

The  President : — Unless  the  Committee  have  some  other 
remarks  to  make  they  will  be  excused. 

I  have  been  asked  to  read  the  following  notice :  "The  rooms 
of  the  Western  Society  of  Engineers  in  the  Monadnock  Block  are 
open  to  all  those  attending  this  meeting,  and  they  will  be  made 
welcome.  There  will  be  a  regular  meeting  of  the  Western  So- 
ciety of  Engineers  to-night  at  8  o'clock,  when  a  paper  will  be 
presented  on  the  third-rail  for  high-speed  electric  service.  This 
w^ill  be  illustrated,  and  there  will  be  illustrations  of  the  new 
electric  line  from  Chicago  to  Aurora,  Elgin,  Batavia,  etc.  It  is 
hoped  that  the  visiting  engineers  will  attend  this." 

The  next  report  to  be  considered  will  be  the  report  on  Yards 
and  Terminals,  and  if  the  members  of  that  Committee  will  take 
their  places  on  the  platform,  the  Assistant  Secretary  will  call 
their  names. 

REPORT  OF  COMMITTEE  NO.  XIV.— ON  YARDS  AND 
TERMINALS. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee,  in  presenting  its  third  annual  report,  desires  to  state 
that  its  work  during  the  past  year  has  been  carried  on  largely  by  corre- 
spondence between  the  members.  Different  sections  of  the  report  now  pre- 
sented were  drafted  out  and  sent  to  all  members  for  comment  and  criticism, 
the  replies  being  given  careful  consideration  in  preparing  the  final  form 
of  report.  The  complete  report  was  then  submitted  to  the  members  for 
further  revision  and  for  final  approval.     In  the  preparation  of  this  report 
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the  Committee  has  been  guided  by  the  instructions  issued  by  the  Board 
of  Direction   (Bulletin  No.  28,  July,  1902). 

In  conformity  with  the  principles, governing  its  previous  work  and  re- 
ports, your  Committee  has  undertaken  to  define  or  outline  the  rules  and 
principles  which  should  primarily  be  considered  in  the  design  of  yard  and 
terminal  facilities,  and  also  to  give  general  descriptions  of  the  various 
important  features  of  such  facilities.  Two  subjects  in  particular  have  been 
taken  up  for  special  consideration  in  this  report : 

(i)  Terminal  Yard  and  General  Switching. — This  includes  the 
methods  of  operating  the  switching  traffic  or  movements  at  yards  and  ter- 
minals, including  more  particularly  the  switching  districts  into  which  large 
terminals  are  usually  divided  for  convenience  of  operation.  As  supple- 
mentary to  the  above  the  followng  three  subjects  are  also  discussed:  (0) 
The  general  planning  of  yards;  (b)  the  practice  of  carding  cars  for  the 
switching  crews;  and  (c)  the  method  of  keeping  car  records  in  large  yards. 

(2)  Water  and  Rail  Termin.\ls. — This  subject  covers  the  combina- 
tion of  rail  terminals  with  water  terminals,  such  as  occurs  at  large  ports. 
At  terminals  of  this  kind  the  facilities  required  for  handling  business  differ 
materially  from  those  of  the  inland  or  all-rail  terminals  discussed  in  the 
former  reports  of  the  Committee.  The.«;e  special  facilities  include  freight 
piers  of  different  kinds  for  lighterage,  storage  and  export ;  also  coal  piers 
and  station  piers,  the  latter  being  located  at  points  which  are  reached  only 
by  water  and  are  served  by  car  floats. 

In  addition  to  the  main  portion  of  the  report,  noted  above,  your 
Committee  submits  a  series  of  definitions  of  certain  technical  terms,  and 
also  a  series  of  conclusions  or  recommendations,  covering  the  subjects 
treated  of  in  the  report. 

In  submitting  its  report,  with  the  accompanying  conclusions  and  illus- 
trations, your  Committee  desires  it  to  be  understood  that  these  simply 
represent  typical  methods  and  plans.  For  any  individual  case  the  ar- 
rangement, the  construction  and  the  methods  of  operating  must  be  devel- 
oped to  suit  the  local  conditions  and  particular  requirements  of  that  case ; 
these  conditions  will  include  the  location,  amount  and  shape  of  land  avail- 
able, amount  and  character  of  traffic,  etc. 

HISTORICAL. 

The  history  of  yards  and  terminals  is  a  rather  difficult  matter  to  set 
forth.  These  appurtenances  to  railway  service  have  developed  with  the 
railway  service,  and  there  have  been  comparatively  few  striking  or  rad- 
ical features  which  can  be  definitely  traced  to  certain  dates  or  places.  The 
single  siding  has  developed  into  groups  of  sidings  or  tracks,  forming  a 
yard,  and  these  have  developed  into  groups  of  yards  for  special  purposes, 
forming  a  general  yard  or  cluster.  It  would  be  difficult  to  determine  defi- 
nitely when,  where  and  by  whom  such  matters  as  gravity  switching,  pole 
switching,  etc.,  were  introduced,  but  it  was  as  far  back  as  1873  that  Mr. 
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Footner,  of  the  London  &  Northwestern  Railway  (England),  established 
at  Edge  Hill  (near  Liverpool)  the  now  famous  extensive  "gridirons"  for 
classifying  cars  by  gravity  switching. 

DEFINITIONS. 

Your  Committee  submits  the  following  definitions  for  the  approval 
of  and  adoption  by  the  Association: 

Switching  District. — A  portion  of  a  railway  at  a  large  terminal  into 
which  cars  are  moved,  and  from  which  they  may  be  distributed  to  the 
various  si4etracks  and  spurs  to  freight  houses  and  manufacturing  es- 
tablishments served  from  this  district.  The  district  is  usually  worked 
by  one  or  two  switch  engines.  Where  a  railway  passes  through  a  large 
city,  the  part  lying  within  the  city  is  generally  divided  into  a  number 
of  switching  districts. 

Rail  and  Water  Terminal. — A  terminal  point  where  freight  is  trans- 
ferred from  ships  and  boats  to  railway  cars  (or  vice  versa). 

Lighterage  Piers. — Open  or  covered  piers  at  which  freight  is  loaded 
directly  from  cars  to  vessels  (or  vice  versa). 

Export  Piers. — Covered  piers  in  which  freight  is  unloaded  and  stored, 
mainly  for  shipment  on  ocean  or  coasting  steamers. 

Station  Piers. — Covered  piers  having  no  rail  connections,  and  where 
freight  is  received  and  delivered  by  car  floats. 

Coal  Piers. — Open  piers  where  coal  is  transferred  from  cars  to  vessels  or 
barges,  by  gr^ivity  or  otherwise. 

TERMINAL,  YARD  AND  GENERAL  SWITCHING. 

The  Committee  has  in  its  former  reports  discussed  the  general  prin- 
ciples to  be  observed  and  the  most  important  points  to  be  considered  in 
the  design  of  yards  and  terminals,  and  it  will  now  be  appropriate  to  con- 
sider in  some  detail  the  methods  of  operating  the  switching  traffic  or 
switching  movements  at  such  yards  and  terminals.  The  actual  practice 
varies  at  different  yards,  owing  to  the  local  conditions  of  yard  plan  and 
traffic.  The  proper  handling  of  the  traff.c  is  largely  a  matter  of  individual 
ability,  and  must  be  governed  to  a  large  extent  by  the  peculiarities  of  the 
traffic  and  the  physical  characteristics  of  the  yard.  For  these  reasons, 
therefore,  the  operation  of  the  switching  traffic  can  only  be  dealt  with  in 
a  general  statement. 

A  terminal  is  composed  of  the  facilities  of  a  railway  in  a  city  for  the 
handling  of  its  business,  and  usually  embraces  all  the  tracks  and  facilities. 
The  distance  from  the  large  general  yard  or  cluster  to  the  docks,  wharves, 
freight  houses,  team  tracks  or  other  facilities  is  in  some  cases  as  much 
as  15  or  20  miles.  This  territory  is  divided  into  districts,  for  convenience 
in  switching  and  for  the  assignment  of  switching  crews.  Each  switching 
district  is  usually  provided  with  a  small  switching  yard,  from  which  the 
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various  private  sidetracks,  freight  houses  and  manufacturing  establish- 
ments in  the  district  are  supplied  with  their  cars.  The  district  yard  is  sup- 
plied and  relieved  by  movements  to  and  from  the  cluster  or  general  yard. 
These  latter  movements  are  made  by  what  are  termed  transfer  crews. 

The  movement  of  a  train  after  its  arrival  at  the  general  yard  or  cluster 
where  the  engine  and  cabin  car  are  detached  is  as  follo.ws :  At  large  ter- 
minals the  cluster  is  usually  several  miles  from  the  city,  and  is  the  point 
at  which  all  trains  are  received  and  dispatched.  The  manifests  of  the 
train  are  taken  by  the  train  conductor  to  the  yard  office  immediately 
upon  arrival ;  from  these  manifests  a  card  is  prepared  for  each  car  in  tfie 
train  by  the  train-carding  clerk.  These  cards  are  prepared  and  turned 
over  to  the  car  carder,  who  takes  them  to  the  yard  and  tacks  the  proper 
card  on  one  or  both  sides  of  the  car.  The  cards  have  various  colors, 
shapes,  letters,  monograms,  marks,  etc.,  designating  the  various  districts 
to  which  the  cars  are  to  be  moved.  While  the  cards  are  being  prepared 
and  attached  to  the  cars,  the  cars  are  inspected  by  the  car  inspector,  so 
that  they  are  ready  to  be  moved  as  soon  as  carded. 

A  yard  engine  and  crew  now  takes  the  cars  in  charge  and  classifies 
them,  either  by  drilling,  poling  or  shoving  them  over  a  summit,  thus  put- 
ting the  cars  for  each  district  on  the  track  in  the  separating  yard  as- 
signed to  that  particular  district.  After  completing  this  work  the  engine 
in  question  commences  work  on  another  train.  The  conductor  doing 
this  work  keeps  no  record  of  the  cars  handled. 

The  next  engine  to  handle  these  cars  is  what  is  known  as  a  "transfer" 
engine,  and  makes  what  is  termed  the  "interior  and  exterior"  movement 
of  cars;  that  is,  movement  from  one  yard  or  district  to  another  (interior), 
or  to  the  yards  of  various  other  railways  (exterior).  When  this  engine 
takes  a  train  to  the  district  yard,  or  to  the  yard  of  another  railway,  it  has 
nothing  more  to  do  with  the  train  and  may  return  light  to  the  cluster. 
If  there  is  a  return  load  at  the  yard  in  question,  or  a  load  can  be  picked 
up  on  the  way  back,  this  engine  handles  the  movement.  It  sometimes 
happens  that  one  of  these  engines  will  have  freight  for  two  or  more  dis- 
tricts or  railways,  and  drops  off  the  cars  for  each  district  as  it  proceeds. 

After  the  freight  arrives  in  the  district  in  which  it  is  to  be  unloaded, 
some  of  it  is  held  for  orders  of  consignee,  while  other  freight  of  the  same 
lot  may  be  switched  to  consignee  without  waiting  for  orders.  That  for 
the  freight  house  and  team  tracks,  if  there  is  room  for  it,  is  delivered 
immediately,  or  as  soon  as  convenient,  after  arrival.  That  part  of  the 
freight  consigned  to  industries,  for  which  there  may  be  a  number  of  other 
cars  that  may  have  arrived  previously,  will  be  held  and  placed  in  the  order 
of  its  age,  or  ahead  of  its  turn,  according  to  the  wants  of  the  consignee. 
These  latter  movements  are  all  made  by  the  district  switch  engine;  that 
is,  the  engine  working  in  that  district  and  doing  the  local  switching. 

At  nearly  all  clusters  or  general  yards  quite  a  large  percentage  of  the 
business  arriving  consists  of  what  are  termed  "hold  cars ;"  that  is,  cars 
which  are  to  be  held  at  the  outer  yard  until  the  final  destination  or  switch- 
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ing  directions  are  given.  On  arrival,  these  cars  are  switched  to  the  "hold" 
yard,  and  are  daily  reswitched  in  order  to  take  from  among  them  the  cars 
for  which  directions  for  delivery  have  been  received.  When  directions 
are  received  the  cars  are  carded  and  treated  just  the  same  as  the  cars 
which  move  directly  to  destination.  The  "hold"  car  is  a  great  nuisance, 
as  large  roads  will  frequently  have  five  or  six  hundred  "hold"  cars,  and 
receive  orders  daily  for  fifty  to  one  hundred  of  them.  These  must  be 
switched  out  from  the  entire  lot,  entailing  a  large  amount  of  work. 

The  movement  in  the  reverse  direction  is  made  in  practically  the  same 
manner  as  the  movement  from  the  general  yard  or  cluster  to  the  industrial 
districts;  that  is,  the  district  engine  gathers  up  the  cars  for  movement;  a 
transfer  engine  takes  them  to  the  general  yard,  where  they  are  switched 
to  the  outbound  or  classification  tracks.  Here  the  trains  are  made  up  in 
station  order,  the  bills  are  prepared  by  the  yard  clerk,  and  the  road  engine 
finally  couples  on  and  the  train  is  complete  and  ready  to  leave. 

At  larger  terminals,  in  order  that  cars  may  be  readily  located,  or,  in 
other  words,  do  not  get  lost,  a  record  is  kept  as  follows :  The  conductor 
of  the  road  engine  brings  the  train  into  the  general  yard  or  cluster  and 
fills  out  a  card,  giving  number  and  initials,  kind,  lading  and  condition  of 
seals  of  every  car  in  the  train.  The  conductor  or  foreman  of  the  transfer 
engine  fills  out  a  card,  stating  whether  loaded  or  empty,  and  the  point  at 
which  set  off  or  picked  up.  The  district  switch  engine  conductor  makes 
a  similar  record  for  all  cars  moved  to  and  from  large  industries.  These 
cards  are  forwarded  at  once  to  the  car  record  office  and  entered  in  the  Car 
Record  Book,  so  that  the  record  of  any  particular  car  may  be  found  in 
this  book  by  turning  to  the  number  of  the  car.  Thus  it  may  be  found  that 
it  arrived  at  the  general  yard  or  cluster  on  such  a  date,  moved  from  the 
general  yard  to  one  of  the  district  yards  on  a  certain  date,  and  from  the 
district  yard  to  some  industry  on  a  certain  date.  The  record  may  also 
show  that  this  car  has  been  reloaded  from  this  particular  industry  and 
again  moved  to  the  gjeneral  yard ;  or,  if  it  does  not  show  movement  from 
the  industry,  the  car  is  still  on  its  tracks.  Thus  the  location  of  any  car 
at  a  large  terminal  may  be  ascertained  in  a  few  minutes. 

In  the  movement  of  outbound  freight  the  cars  are  carded  by  the  district 
or  local  yard  clerk,  who  works  under  the  direction  of  the  local  agent.  The 
agent  prepares  memorandum  bills,  which  are  sent  by  train,  mail  or  mes- 
senger to  the  general  yard.  At  this  point  the  bills  are  taken  in  charge  by 
the  yard  clerk,  who  checks  the  train  and  prepares  the  train  list  and  bills 
for  the  conductor,  a  bill  or  manifest  being  furnished  for  each  car  in  the 
train. 

The  movement  of  transfer  engines,  especially  those  working  from 
the  freight  houses,  is  made  on  regular  schedule.  This  is  done  so  that 
immediately  on  closing  the  freight  houses  at  night,  cars  are  moved  from 
them  to  the  general  yard,  and  cars  for  morning  delivery  are  at  the  freight 
house  before  they  open  for  business. 
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CAR  RECORDS. 

The  manner  of  keeping  car  records  in  large  yards  varies  considerably. 
A  very  good  system,  perhaps  worthy  of  adoption  at  other  places  where  an 
improvement  is  desired,  may  be  outlined  briefly  as  follows : 

Instead  of  keeping  car  records  in  large  books,  such  as  is  the  common 
practice,  one  for  inbound  and  one  for  outbound,  a  system  of  tickets  cov- 
ering each  car  as  it  arrives  and  departs  simplifies  the  work  and  makes  it 
possible  to  answer  quickly  and  accurately  the  vast  number  of  inquiries 
which  are  constantlj--  being  made  for  car  records.  Thus  the  work  of  a 
car  checker,  working  on  his  books,  is  seriously  hampered  by  reason  of 
these  inquiries  and  his  being  obliged  to  stop  his  work  and  look  through 
the  book,  or  turn  over  his  book  to  someone  to  look  up  the  records  of  cars. 

A  case  divided  into  lOO  pigeonholes  is  used.  On  arrival  of  a  train  a 
book  record  is  made  showing  engine  number,  time  and  date,  car  number, 
initial,  contents,  consignee  and  destination  of  each  car,  A  car  ticket  is 
then  made  up  (as  in  diagram  A  herewith).  This  ticket  is  for  inbound 
records  and  shows  the  date  and  page,  the  latter  indicating  the  page  in  the 
book  where  the  entry  is  made  for  each  particular  car.  This  ticket  is  then 
placed  in  the  pigeonhole  case,  in  its  proper  compartment,  where  it  remains 
until  the  car  is  sent  out.  The-  pigeonholes  in  this  case  are  numbered  as 
shown  in  diagram  B. 

The  ticket  is  placed  in  pigeonhole  with  number  corresponding  to  the 
last  figures  on  the  ticket.  For  example,  car  61978  would  be  placed  in 
pocket  78,  and  when  looking  up  the  record  it  is  only  necessary  to  handle 
the  tickets  in  pocket  78.  These  tickets  are  kept  in  the  case  until  the  car  is 
ready  for  outbound  movement,  when  a  complete  record  showing  the  out- 
bound movement  is  rnade  on  the  ticket. 

For  filing  these  tickets,  a  case  with  six  drawers,  divided  into  two  equal 
parts,  is  provided  immediately  under  the  case  and  as  a  part  thereof.  Each 
compartment  has  100  pockets,  numbered  in  conformity  with  the  case.  These 
drawers,  six  in  number,  hold  one  full  year's  record,  two  months  in  each 
drawer,  and  have  the  names  of  the  months  painted  upon  them.  The  com- 
pleted ticket,  showing  both  inbound  and  outbound  records,  is  kept  in  the 
drawer.  At  the  end  of  the  year  the  tickets  are  filed  away,  those  of  each 
month  in  separate  boxes,  with  each  set  of  numerals  together,  so  as  to  make 
a  handy  record  should  it  be  necessary  in  future  to  consult  with  them. 

In  view  of  the  per  diem  system,  which  is  something  new  in  railway 
service,  and  as  to  which  all  of  us  are  in  a  more  or  less  groping  state  so  far 
as  its  operation  is  concerned,  a  system  devised  by  the  Philadelphia  &  Read- 
ing Railway  at  Philadelphia  may  be  described,  and  is  believed  to  have 
some  merit.  At  a  large  terminal  it  is  almost  absolutely  necessary,  in  order 
to  keep  the  matter  in  check,  that  a  system  be  in  force  which  will  serve  as 
an  object  lesson  to  the  men. 

To  accomplish  this  a  ticket  for  every   foreign  car,  as   it  arrives,   is 
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placed  in  a  case  made  for  the  purpose  and  kept  there  until  the  car  leaves 
the  yard,  when  the  ticket  is  taken  out  and  destroyed.  The  ticket  need  only 
be  a  small  piece  of  blank  cardboard,  on  which  may  be  written  the  car  num- 
ber, initial  and  date  of  arrival. 

This  per  diem  case  is  divided  into  310  pigeonholes,  numbered  from 
left  to  right  from  i  to  31,  indicating  the  days  of  the  month.  On  the  sides 
of  the  case  are  the  ten  numerals.  As  soon  as  a  foreign  car  arrives  in  the 
yard  a  blank  ticket  is  filled  out  as  above  and  placed  in  the  case  under  the 
number  indicating  the  date  and  on  a  line  with  the  numeral  which  corre- 
sponds with  the  last  figure  in  the  car  number,  thus :  Car  L.  V.,  41947,  ar- 
riving July  26,  would  be  placed  in  column  26  on  line  No.  7. 

Very  good  results  are  possible  from  the  use  of  this  case.  Without 
consulting  any  books  or  records  of  any  kind  it  is  possible,  by  a  glance  at 
the  case,  to  tell  just  how  long  cars  are  being  held,  and  in  a  few  minutes,  by 
simply  counting  the  tickets,  it  is  possible  to  tell  how  many  cars  are  being 
held  subject  to  per  diem  charges.  Different  colored  slips  should  be  used 
for  each  month ;  this  is  to  assist  in  promptly  locating  cars  which  arrived 
during  the  previous  month,  and  which  should  be  given  attention.  The  ac- 
companying diagram  C  shows  the  arrangement  of  the  case  and  samples  of 
the  tickets  as  they  may  be  used  are  shown  in  D,  E  and  F. 

THE  PLANNING  OF  YARDS. 

In  designing  the  arrangement  of  tracks  for  any  of  the  yards  at  a  ter- 
minal it  is  important  that  the  engineer  should  study  the  movement  care- 
fully as  regards  volume,  kind,  the  hours  at  which  it  is  made,  etc. ;  he  must 
take  into  consideration  the  interference  to  freight  movement  at  the  time  it 
must  contend  with  the  passenger  movement.  It  is  also  well  to  study  with 
the  trainmaster  or  other  transportation  official  the  entire  layout  of  the 
tracks  before  they  are  constructed;  the  transportation  department,  which 
has  to  conduct  the  operations  on  the  tracks,  will  frequently  give  most 
valuable  suggestions  as  to  the  proper  manner  of  arranging  them.  In  this 
connection  the  following  quotation  is  given  from  the  chapter  on  Sidings, 
Yards  and  Terminals,  in  the  book  on  "Railway  Track  and  Track  Work," 
by  E.  E.  R.  Tratman  (1901)  : 

"Defects  in  yard  design  are  very  frequently  due  to  a  lack  of  co- 
operation between  the  constructing  and  operating  officers.  In  some  cases 
a  yard  is  enlarged  or  extended  without  the  assistance  of  the  engineer,  and 
the  result  is  an  awkward  arrangement  of  curves  and  switches  which  in- 
creases the  difficulty  of  handling  cars  and  increases  the  wear  on  the  rails 
and  wheels.  In  other  cases  a  freight  yard  has  been  planned  without  in- 
quiring into  the  local  conditions  and  the  traffic  requirements,  with  the  re- 
sult that  the  yard,  while  appearing  very  convenient  on  paper,  is  a  source 
of  trouble  to  the  operating  department.  Thus  the  switches  may  be  badly 
located,  or  the  track  scales,  repair  tracks  or  other  special  points  may  be 
inconveniently  arranged  or  so  located  that  they  can  only  be  reached  by 
"  crossing  or  fouling  other  tracks  which  are  in  constant  use.  Most  railway 
engineers  give  too  little  study  to  the  operating  side  of  railway  service,  and 
in  consequence  do  not  realize  the  importance  of  many  smaller  items  and 
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details  in  economizing  work,  or  realize  their  relation  to  the  general  operat- 
ing expense  of  the  railway.  For  these  and  other  reasons  it  is  imperative 
in  the  interest  of  efficient  service  thn,t  the  officers  of  the  constructing  and 
operating  departments  should  consult  together  as  to  the  best  arrangement 
for  any  yard,  while  informatioan  should  be  sought  from  the  yardmaster 
or  other  local  officer  as  to  any  special  or  local  service  to  be  provided  for 
or  any  special  difficulties  resulting  from  the  existing  arrangement." 

WATER  AND  RAIL  TERMINALS. 

Your  Committee,  in  its  former  reports,  and  in  the  preceding  part  of  its 
present  report,  has  given  brief  general  descriptions  of  various  kinds  of 
terminal  facilities,  such  as  yards,  freight  and  transfer  houses,  car-cleaning 
yards,  etc.,  and  has  also  outlined  the  methods  of  operating  these  yards.  It 
will  now  be  appropriate  to  consider  the  combination  of  these  rail  terminals 
with  water  terminals.  In  other  words,  at  large  marine  terminals — whether 
ocean  or  lake  ports — the  railway  facilities  for  handling  business  differ  very 
materially  from  those  of  the  inland  terminals  previously  described,  and 
the  facilities  needed  to  properly  handle  the  business  at  the  point  of  con- 
nection of  the  rail  trip  and  the  water  trip  are  different  from  those  already 
described. 

At  such  terminals  it  is  advantageous  to  unload  into  warehouses  all 
classes  of  freight  which  can  be  placed  on  platforms,  and  only  retain  in  the 
cars  such  classes  of  property  as  cannot  be  provided  with  housing  accom- 
modations. The  great  bulk  of  export  and  import  freight  is  moved  by 
lighterage  service  of  the  terminal  railway  company.  Where  it  is  the  prac- 
tice to  bring  the  ocean  vessel  to  the  dock  of  the  terminal  company,  the 
agent  has  preliminary  advice  and  is  guided  accordingly  in  making  provision 
for  the  method  he  will  adopt  in  furnishing  service.  The  maintenance  of 
special  warehouses  for  export  freight  is  not  always  essential,  but  the  gen- 
eral warehouses  employed  for  the  unloading  of  lighterage  freight  can  often 
be  used  also  for  export  freight  which  is  delivered  direct  to  the  vessel. 

It  will  facilitate  matters  if  these  warehouses  are  skirted  with  tracks 
on  the  outside,  which,  in  turn,  may  be  used  to  unload  to  or  from  the  car, 
in  addition  to  securing  freight  from  the  warehouse  or  discharging  thereon. 
Greater  economy  in  labor  necessarily  results  if  loading  directly  to  and 
from  the  car  can  be  brought  about,  and  in  a  greater  measure  this  sugges- 
tion permits  either  process  to  be  employed  in  serving  a  vessel.  A  series 
of  open  docks  are  also  essential  for  the  handling  of  coarse  freight,  and 
also  to  extend  the  hoisting  facilities  operated  by  the  terminal  company  in 
the  interest  of  such  vessels  as  have  no  means  of  taking  on  or  discharging  a 
cargo  with  their  own  power.  In  fact,  open  docks  can  be  employed  suc- 
cessfully for  general  cargoes  usually  loaded  in  box  cars  and  the  general 
trade  transacted  with  small  vessels  and  barges. 

The  facilities  provided  at  large  seaport  terminals  are  generally  as  fol-. 
lows: 

(i)     A  cluster  or  general  yard,  into  which  trains  are  moved;     (2) 
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lighterage  piers,  either  open  or  covered,  from  which  cars  are  unloaded  or 
loaded  to  and  from  vessels;  (3)  export  piers,  from  which  freight  for  export 
is  unloaded  and  transferred  from  vessels,  or  vice  rersa;  (4)  storage  piers, 
in  which  is  held  (preparatory  to  being  loaded  on  vessels)  such  freight  as 
flour,  machinery,  lumber,  provisions,  canned  goods,  etc.,  the  traffic  rules 
allowing  quite  an  amount  of  free  time  on  this  class  of  commodities;  (5) 
inbound  and  outbound  freight  station  piers,  located  at  points  where  they 
are  only  reached  by  water,  and  cars  are  moved  to  and  from  them  on  car 
floats  (these  are  used  for  the  city  delivery  or  receipt  of  freight),  and  team 
track  delivery  yards  are  provided  in  connection  with  them;  (6)  coal  piers, 
upon  which  cars  are  run  and  unloaded  into  coal  barges  or  vessels ;  (7) 
grain  elevators ;    (8)   warehouses ;   (9)   stock  yards. 

(l)    GENERAL  YARD   OR   CLUSTER. 

At  a  rail  and  water  terminal  the  cluster  or  general  yard  is  the  large 
yard  into  which  all  business  is  moved.  It  should  be  so  arranged  that  trains 
as  they  come  in  can  be  readily  switched  into  the  necessary  classifications, 
which  are  usually  as  follows :  Cars  going  to  the  export  piers,  storage 
piers,  coal  piers,  in  and  outbound  freight  station  piers,  team  tracks,  ele- 
vators, stock  pens,  etc.,  or  to  the  yard  from  which  tie  car  floats  are  moved 
for  making  deliveries  to  the  other  railways  in  the  harbor.  This  yard 
should  be  so  arranged  that  the  cars,  after  they  are  separated  or  classified 
as  above,  can  be  readily  moved  to  the  proper  point  (either  the  coal  pier  or 
the  freight  pier)  without  interfering  with  the  other  movements.  The  yard 
naturally  takes  on  many  of  the  features  described  in  the  former  reports  of 
the  Committee,  but  is  not  often  as  well  developed,  because  of  the  very  high 
value  of  terminal  property  at  such  points.  As  a  rule,  the  area  or  track 
room  at  a  terminal  does  not  increase  in  proportion  to  the  growth  of  the 
other  facilities.  It  should  have  a  receiving  yard,  in  which  the  trains  on 
arrival  are  held  previous  to  being  classified.  It  should  have  a  departure 
yard,  in  which  the  trains  ready  for  movement  are  held.  There  should  be 
caboose  tracks  so  arranged  that  the  caboose  from  an  inbound  train  can  be 
readily  placed  upon  the  rear  of  an  outbound  train.  The  movement  of  en- 
gine from  the  engine  house  to  the  receiving  or  outbound  tracks  should  be 
worked  out  to  give  a  minimum  amount  of  interference.  This  feature  of 
the  terminal  is  similar  to  the  cluster  described  in  the  report  of  1902. 

(2-a)  covered  lighterage  piers. 

These  should  be  about  600  feet  long  and  about  125  feet  wide,  with  two 
tracks  in  the  center,  built  at  such  an  elevation  tha't  the  floors  of  cars  will 
be  level  with  the  deck  or  floor  of  pier.  It  is  sometimes  recommended 
that  the  sides  of  the  pier  should  be  composed  entirely  of  iron  rolling  or 
folding  doors,  but  on  consideration  this  feature  does  not  seem  to  be  de- 
sirable. It  cuts  down  the  storage  space  and  very  frequently  it  will  be 
found  that  the  post  between  two  doors  will  obstruct  one  gangway  to  a 
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lighter.  Most  lighters  have  but  two  gangways,  and  where  a  railway  com- 
pany handles  the  bulk  of  its  lighterage  business,  the  lighters  are  usually 
built  with  a  standard  spacing  for  the  gangways,  so  that  the  doors  of  the 
pier  can  be  spaced  to  accommodate  the  gangways.  There  should  be  a  plat- 
form four  feet  wide,  outside  of  the  walls,  on  the  three  water  sides  of  the 
shed,  the  platform  being  provided  with  mooring  piles  or  posts  for  securing 
vessels.  Many  of  the  older  piers  were  built  with  sides  having  an  inward 
slope  or  batter  of  about  one  inch  to  the  foot,  or  usually  about  three  feet 
in  the  height.  This  was  done  so  that  in  loading  or  unloading  lighters  the 
packages  would  not  strike  the  sides  of  the  building.  This  contingency  is 
better  provided  against,  however,  by  making  a  wider  platform  outside  of 
the  building,  and,  in  fact,  practically  all  modern  pier  sheds  are  built  with 
vertical  sides. 

The  shed  or  superstructure  of  the  pier  should  be  of  steel  frame  con- 
struction or  slow-burning  mill  timber  construction.  If  wood  is  used,  it 
should  be  whitewashed,  to  prevent  sparks  from  setting  fire  to  it.  In  large 
cities  the  law  usually  requires  steel  construction.  The  roof  should  be  de- 
signed to  give  as  much  light  as  possible  during  the  day.  This  is  prefer- 
ably effected  by  means  of  windows  on  the  sides  of  a  monitor  roof,  and 
these  may  be  supplemented  by  raised  skylights  or  small  monitors  running 
transversely  across  the  side  slopes  of  roof,  parallel  with  (and  between) 
the  roof  and  trusses.  Flat  skylights  are  objectionable,  as  being  liable  to 
leak  and  to  be  damaged  by  storms  or  heavy  snow.  The  monitor  roof 
should  have  pivoted  sashes  to  provide  for  ventilation,  the  sashes  being 
handled  by  suitable  mechanism.  The  shed  should  be  lighted  by  electricity 
at  night.  It  is  important  to  provide  good,  smooth  floors,  and  the  lamp 
room  should  be  thoroughly  fireproof.  The  height  of  the  floor  above  mean 
tide  will  vary  with  the  kind  of  vessels  to  be  handled  and  with  the  daily  tide 
changes.  These  must  all  be  carefully  studied  in  order  to  arrive  at  the 
proper  height  above  mean  tide  at  any  given  location.  Usually  such  height 
as  will  make  the  deck  of  the  pier  and  boat  at  the  same  elevation  at  mean 
tide  will  be  the  most  satisfactory.  Between  piers  there  should  be  a  water 
space  of  about  200  feet.  The  tracks  running  into  the  pier  should  be  so 
arranged  that  they  will  feed  directly  to  and  from  the  proper  part  of  the 
general  yard  without  interference.  This  type  of  pier  will  be  often  used 
for  export  business,  and  will  then  take  on  the  features  of  an  export  pier 
and  be  built  accordingly.  In  weighing  freight,  automatic  scales  are  being 
used,  and  should  result  in  a  reduction  of  expense. 

Ramps. — Where  heavy  tides  enter  into  consideration,  adjustable  ramps 
or  inclines  should  be  introduced  in  the  floor,  the  outer  edge  of  the  ramps 
being  in  line  with  the  edge  of  the  pier.  By  these  means  freight  may  be 
trucked  to  and  from  lighters  at  any  stage  of  the  tide  without  serious  inter- 
ference. The  ramps  are  usually  15  to  20  feet  in  length,  fitted  with  counter- 
weights and  worked  by  a  worm  gear.  Fixed  ramps  are  sometimes  used  for 
convenient  access  to  the  lower  decks  of  vessels. 
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(2-b)  open  lighterage  piers. 

These  should  be  about  35  feet  wide  and  600  feet  long,  with  a  6-foot 
platform  along  each  side.  In  many  cases  only  two  tracks  are  used,  but 
long  piers  or  piers  which  have  more  than  two  berths  along  each  side  should, 
however,  have  a  third  track,  connected  with  the  others  by  crossovers.  This 
facilitates  the  shifting  of  cars  and  enables  the  berths  at  the  outer  end  of 
the  pier  to  be  served  without  disturbing  the  work  that  is  being  done  at  the 
other  berths.  A  pier  with  three  tracks  should  be  45  to  50  feet  wide,  and 
with  tracks  at  least  11  feet  6  inches  center  to  center.  The  floor  of  the  pier 
may  be  depressed  so  as  to  bring  the  car  floors  level  with  the  6-foot  plat- 
forms on  each  side.     This,  however,  is  not  usually  done. 

For  most  freight  that  is  handled  by  derricks,  the  boom  derricks  on  the 
lighters  are  used,  but  the  pier  should  have  a  power  crane  or  derrick  of 
greater  capacity  for  handling  freight  that  is  too  heavy  for  the  lighter  der- 
ricks. This  crane  may  either  be  stationary  (in  which  case  the  lighter  must 
be  moved  to  the  crane),  or  it  may  travel  by  power  along  the  platform,  to 
any  desired  point.  Traveling  cranes  of  this  type  are  extensively  used  at 
water  terminals  in  Europe.  Heavy  freight,  however,  is  usually  handled 
by  special  lighters  with  powerful  derricks,  as  the  freight  may  have  to  be 
discharged  at  places  where  pier  derricks  are  not  provided.  Stationary 
cranes  for  handling  heavy  loads,  cases  of  glass,  machinery,  etc.,  are  also 
of  advantage.  There  is  undoubtedly  much  room  for  the  improvement  of 
freight  handling  facilities  at  piers,  largely  by  the  introduction  of  machinery 
for  the  purpose  of  effecting  greater  rapidity  and  economy  than  are  possible 
under  the  common  method  of  employing  men  with  trucks  or  slow  hand- 
winches  and  derricks.  At  European  water  terminals,  traveling  power 
cranes  are  extensively  used  along  the  sides  of  piers  and  docks. 

The  piers  should  be  built  at  such  a  height  above  water  that  cars  to  be 
unloaded  can  be  most  conveniently  handled.  A  study  of  the  tides  and  the 
freeboard  of  boats  is  necessary  to  arrive  at  this  height.  Owing  to  storms 
and  specially  high  tides  it  is  necessary  to  build  the  piers  at  a  height  above 
mean  tide  slightly  greater  than  that  at  which  it  would  work  to  the  best 
advantage.  There  should  be  an  open  water  space  of  at  least  150  feet  be- 
tween the  sides  of  these  piers.  This  space  would  prevent  boats  from  being 
blocked  in,  and  would  give  space  for  a"  tug  with  lighter  alongside  to  pass 
through  two  lines  of  boats  and  bring  a  barge  from  the  bulkhead  or  land 
end  of  the  pier  to  the  stream  (or  vice  versa),  without  interfering  with  the 
loading  of  boats  alongside  of  the  piers.  Ample  space  will  be  found  ad- 
vantageous when  the  ice  is  running  free. 

The  piers  should  be  so  located  that  cars  will  feed  directly  to  and  from 
the  proper  part  of  the  cluster  or  general  yard  with  the  minimum  amount  of 
interference.  The  pier  is  principally  used  for  the  handling  of  coarser  prod- 
ucts moving  in  gondola  or  flat  cars.  It  is  frequently  built  wider  than  de- 
scribed where  stone,  pig-iron  or  the  character  of  product  requiring  storage 
on  the  dock  is  to  be  handled.     These  conditions,  however,  will  vary  with 
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the  conditions  of  each  road.  The  pier  above  described  is  the  type  best 
adapted  for  the  handling  of  such  business  as  will  not  have  to  be  unloaded 
and  held  or  stored  on  the  pier, 

(3   AND   4)    EXPORT  AND   STORAGE   PIERS. 

These  should  be  constructed  for  ample  storage,  as  well  as  for  the 
economical  working  or  handling  of  export  freight.  Under  the  traffic  rules 
export  freight  has  to  be  held  free  of  storage  for  60  days.  This  is  done 
to  provide  time  for  the  arrival  of  steamers,  or  to  make  arrangements  for 
the  shipments.  An  export  pier  should  be  about  600  feet  long  and  about 
125  feet  wide.  On  account  of  the  great  height  of  ocean  steamers,  it 
should  usually  be  double-decked,  the  decks  to  be — first  story,  20  feet  head 
room;  second  story,  18  feet;  height  at  eaves,  about  43  feet.  The  pier 
should  be  surrounded  with  a  6-foot  platform,  arranged  with  the  proper 
number  of  mooring  piles  for  tying  up  vessels.  The  pier  should  be  pro- 
vided with  a  proper  number  of  fire  hydrants  and  a  general  system  of  fire 
protection,  included  in  which  a  chemical  engine  is  desirable.  There  should 
be  two  tracks  running  down  the  center  of  pier,  arranged  at  such  an  ele- 
vation that  the  floor  of  cars  will  be  level  with  the  deck  of  the  pier.  The 
house  should  be  furnished  with  roof  lights  and  electric  lights,  as  already 
noted  for  lighterage  piers.  In  fact,  the  general  features  and  requirements 
for  storage  piers  are  similar  to  those  of  covered  lighterage  piers,  already 
described. 

If  possible,  at  least  one  track  should  be  provided  on  the  upper  floor. 
In  any  case,  there  should  be  a  proper  number  of  elevators  for  moving 
freight  from  floor  to  floor,  and  more  elevators  will  be  required  if  the  second 
story  is  not  provided  with  a  track.  In  case  flour  is  to  be  handled,  and 
there  is  no  track  to  the  second  story,  it  will  be  found  desirable  to  supple- 
ment the  elevators  by  an  endless  barrel  conveyor,  such  as  is  used  in  flour 
warehouses.  The  use  of  this  type  of  conveyor  is  recommended  for  any 
special  kind  of  commodity  of  which  a  great  quantity  is  to  be  handled. 
Inclined  chutes  leading  from  a  trap  in  the  upper  floor  to  the  side  of  the 
pier  may  also  be  used  for  sending  bagged  flour  direct  to  boat  by  gravity. 
The  chute  is  hinged  at  the  upper  end,  and  its  lower  end  has  a  telescopic 
portion  which  may  be  adjusted  to  deliver  the  bags  where  required.  If 
bonded  goods  are  to  be  handled,  it  will  be  necessary  to  divide  off  part  of 
the  house  as  a  bonded  warehouse. 

The  double-deck  pier  has  a  number  of  advantages  over  a  single  deck. 
The  foundations  are  little,  if  any,  more  expensive,  and  it  has  approxi- 
mately double  the  floor  space,  while,  comparing  floor  space  with  roof,  the 
cost  of  roof  is  only  one-half  that  of  a  single  deck.  The  amount  of  real 
estate  required  is  only  about  one-half.  These  advantages  are  very  great 
when  the  enormous  value  of  terminal  real  estate  is  considered.  Very  fre- 
quently the  second  story  of  these  piers  is  so  arranged  that  immigrants  can 
be  handled. 
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It  is  frequently  desirable  to  have  an  open  track  alongside  of  export 
piers,  as  the  character  of  goods  to  be  handled  is  often  such  that  they  can 
be  unloaded  directly  to  or  from  th^  steamer  and  the  car.  This  applies 
where  the  commodity  is  bulky  and  can  be  loaded  in  open  cars,  and  in  such 
cases  it  is  frequently  desirable  to  have  this  track.  It  saves  the  handling  of 
goods  to  the  floor  and  from  the  floor  to  the  car,  or  one  handling.  At 
certain  European  ports  various  types  of  traveling  gantry  cranes  are  used, 
and  greatly  facilitate  the  handling  of  freight. 

The  storage  pier  has  many  of  the  features  of  the  covered  lighterage 
pier,  but  is  designed  primarily  to  accommodate  the  large  ocean-going 
steamers,  -while  the  other  pier  is  built  to  store  only  goods  for  harbor 
lighters.  The  export  pier  is  for  the  handling  of  general  export  business. 
It  often  happens,  however,  that  the  business  of  one  road  will  be  very 
largely  made  up  of  flour,  paper,  tobacco,  or  some  special  commodity.  In 
such  cases  the  description  above  will  hardly  answer,  and  the  design  is 
made  to  meet  the  special  requirements  of  the  traffic.  In  the  case  of 
flour,  which  usually  has  to  be  held  a  long  time,  the  pier  should  be  several 
stories  high,  and  the  stories  should  be  only  about  lo  feet  high  in  clearance. 
Cutting  down  the  height  of  the  stories  saves  in  the  cost  of  the  building, 
and  also  in  the  labor  of  tiering  up  freight  to  a  great  height.  In  the  flour 
storage  warehouses  all  floors  are  reached  by  elevators,  usually  hydraulic 
or  electric,  and  by  endless-chain  conveyors.  Each  warehouse  should  have 
platform  elevators  to  facilitate  the  handling  of  trucks,  etc.,  from  floor  to 
floor.  With  these  arrangements,  goods  can  be  handled  to  and  from  any 
floor  at  very  little   cost. 

Where  a  pier  is  built  in  this  manner,  it  is  usually  called  a  storage  pier, 
but  it  should  have  all  the  other  features  of  an  export  pier. 

Export  piers  should  be  so  located  that  tracks  will  feed  directly  to  and 
from  the  proper  part  of  the  general  yard  with  the  least  amount  of  inter- 
ference. 

(5)      FREIGHT   STATION    PIER   AND   TEAM    TRACK    DELIVERY. 

In  many  harbors  there  are  freight  stations  having  no  rail  connections, 
and  at  which  freight  is  received  and  delivered  by  car  floats.  The  piers 
at  these  stations  should  be  about  600  feet  long  and  125  feet  wide.  This 
width  will  allow  for  a  .35-foot  driveway  in  the  center,  and  45  feet  storage 
space  on  each  side.  Where  the  tides  will  allow  of  it,  the  driveway  should 
be  located  at  a  level  about  2V2  feet  below  the  storage  floor.  In  working 
out  the  height  of  the  deck  of  pier,  the  height  of  car  floats,  and  fall  and 
rise  of  the  tide,  and  mean  tide  must  be  carefully  considered.  Ramps 
should  be  provided,  as  noted  for  open  lighterage  piers.  The  height  of  the 
abutting  city  street  must  not  be  overlooked,  and  the  height  that  will  give 
the  least  amount  of  work  under  all  conditions  should  be  chosen.  The 
pier  should  be  surrounded  on  its  three  water  sides  with  a  3-foot  platform, 
arranged  with  the  proper  number  of  cleats  and  mooring  piles  for  tying  up 
car  floats.     Along  the  water  street  should  be  built  a  bulkhead  in  connec- 
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tion  with  each  pier  325  feet  long,  to  permit  the  laying  up  of  two  rows  of 
car  floats  on  each  side  of  the  pier. 

The  pier  will  be  used  for  inbound  or  city  delivery  freight,  which  in 
the  morning  will  be  moved  from  the  cluster  or  general  yard  on  car  floats 
and  placed  alongside  of  the  pier.  The  cars  are  at  once  unloaded.  Out- 
bound freight  will  be  received  alongside  of  the  bulkhead  and  moved  by 
trucks  over  the  ends  of  car  floats  and  on  to  the  platform  between  the 
lines  of  cars  on  each  float.  In  this  way  none  of  the  outbound  freight 
will  pass  through  the  pier  proper,  and  all  interference  will  be  done  aw^ay 
with.  Inconvenience  will  only  be  had  when  the  inbound  freight  is  arriv- 
ing so   late  in  the   day   that  the   outbound   must   be   loaded   at   the    same 
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time.  During  the  morning  hours  it  is  customary  to  store  the  outbound 
freight  on  the  floor  of  bulkhead  until  some  of  the  cars  containing  in- 
bound freight  have  been  unloaded.  It  is  then  moved  directly  from  the 
wagon  as  it  is  received  over  the  scales  and  into  the  proper  car. 

In  the  design  of  these  piers  the  same  principles  and  requirements 
must  be  considered  as  in  the  case  of  covered  lighterage  piers.  It  is 
specially  important  to  provide  them  with  fire  hydrants  and  possibly  a 
chemical  engine.  Adequate  roof  lights  should  be  arranged  for,  the  light- 
ing at  night  to  be  by  electricity.  It  is  usually  not  best  to  double-deck  the 
pier,  but  the  bulkhead  should  be  two  stories  high,  the  second  story  to  be 
occupied  by  offices  for  the  agent  and  his  staff,  and  for  the  storage  of 
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records.  Where  much  fruit  is  handled,  it  will  also  be  necessary  to  pro- 
vide an  auction  room  on  this  floor  for  the  sale  of  fruit.  It  will  often  be 
found  necessary  to  provide  a  water  tank  at  the  extreme  end  of  the  pier 
for  supplying  tugs  with  water.  Alongside  of  the  roadway,  leading  into 
the  pier  at  the  front  end  of  the  bulkhead,  should  be  provided  a  small  office 
for  use  of  the  cashier  in  issuing  freight  bills.  This  will  do  away  with 
the  necessity  of  teamsters  going  to  and  from  the  office  on  the  second 
floor  to  pay  their  freight  and  leaving  their  teams  unprotected  and  block- 
ing the  driveway.  It  will  be  found  to  greatly  expedite  the  movement. 
Scales  for  weighing  freight  should  be  provided  at  proper  intervals  along 
the  bulkhead,  with  small  houses  in  connection  with  each  for  the  receiving 
clerks  and  the  weighmasters.  These  piers  are  frequently  divided  up 
alphabetically,  so  that  goods  for  any  person  can  be  easily  found.  At 
some  other  points  this  classification  is  made  by  commodities,  eggs  being 
unloaded  at  one  location  and  glass  at  another.  Water  closets  should  be 
provided  both  on  the  office  and  on  the  lower  floor.  A  lamp  room  is 
usually  necessary,  as  it  is  difficult  to  reach  the  cars  on  car  floats  with 
electric  lights,  so  that  lanterns  are  generally  used.  This  room  should  be  as 
fireproof  as  it  is  possible  to  make  it. 

Similar  accommodations  can  be  had  by  buying  a  block  of  property 
and  building  on  it  the  usual  inbound  and  outbound  freight  stations,  ar- 
ranging the  tracks  from  them  to  lead  to  a  transfer  bridge,  so  that  cars 
can  be  moved  between  the  freight  houses  and  car  floats.  For  operating 
the  yard  it  will  then  be  necessary  to  provide  a  small  dummy  engine,  or 
to  handle  the  cars  by  electric  power.  The  team  tracks  at  such  points  are 
usually  arranged  in  pairs,  with  the  proper  spaces  for  roadways.  These 
tracks  connect  with  ladder  tracks  leading  to  the  transfer  bridge.  The 
arrangement  will  depend  largely  upon  the  shape  and  size  of  the  property 
acquired,  but  a  typical  plan  is  shown  herewith. 

(6)      COAL   PIERS. 

These  are  really  open  lighterage  piers  so  arranged  that  coal  from 
hopper-bottom  cars  can  be  readily  discharged  into  vessels  and  barges. 
This  arrangement  makes  it  necessary  to  build  the  piers  at  a  considerable 
height  above  the  water.  The  height  of  the  vessels  to  be  loaded  varies 
greatly.  The  coal  is  dumped  directly  from  the  car  into  a  coal  pocket,  from 
which  the  coal  is  led  through  a  chute  to  the  vessel.  The  chutes  are  so  ar- 
ranged that  they  can  be  lowered,  raised  or  extended,  and  in  this  way 
can  be  made  to  reach  the  proper  part  of  the  vessel.  Where  hard  coal 
is  handled,  it  is  necessary  to  furnish  the  chutes  with  screens  for  eliminat- 
ing dust  from  the  coal.  A  coal  pier  is  usually  made  up  of  three  tracks. 
The  outside  tracks  are  occupied  by  the  loaded  cars.  As  these  are  unloaded, 
they  are  moved  ahead  and  drop  back  to  the  middle  track,  which  should 
be  built  on  a  grade  falling  toward  the  general  yard,  so  that  when  the 
empty  cars  once  get  on  to  this  track,  they  will  feed  naturally  into  the 
yard.     The  grade  of  the  tracks  on  which  the  loads  stand  should  be  such 
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that  they  will  feed  toward  the  outer  end  of  the  pier,  to  enable  them 
to  be  easily  shifted  to  the  middle  track.  This  arrangement  of  grades 
enables  cars  to  be  handled  quickly,  gives  a  greater  capacity,  and  reduces 
the  cost  of  handling.  Coal  piers  which  are  exceptionally  long  should 
have  five  tracks,  connected  with  suitable  crossovers,  so  that  cars  can  be 
moved  around  those  which  are  unloading  at  any  particular  berth. 

There  should  be  a  coal  pocket  provided  for  each  car,  and  any  number 
of  them  can  be  provided.  They  should  be  spaced  the  proper  distance  apart, 
and  the  more  pockets  there  are  on  a  side  the  greater  will  be  the  capacity  of 
the  pier  and  the  less  time  will  be  lost  in  shifting.  It  is  usually  not  good 
practice  to  have  over  ten  pockets  on  a  side.  The  pockets  should  be 
located  a  little  farther  apart  than  the  length  of  a  car,  so  as  to  allow  for 
unequal  lengths.  The  grade  leading  from  the  general  yard  or  cluster  to 
the  coal  pier  should  be  made  as  light  as  possible,  as  it  is  very  difficult 
switching  up  the  heavy  grades  which  are  usually  necessary  at  such  points. 
At  a  convenient  point  should  be  located  a  coal  yard  into  which  coal  cars 
are  switched  in  the  order  in  which  they  should  be  run  up  on  the  threstle. 
At  the  end  of  the  pier  should  be  provided  an  office  for  the  foreman,  with 
a  fireproof  lamp  room.  A  store  room  should  also  be  provided  for  tools. 
Coal  piers  should  have  a  water  space  between  them  of  about  150  feet. 
Where  a  large  business  is  done,  it  will  be  necessary  to  provide  at  some 
point  in  the  harbor  close  to  the  coal  pier  a  stake  boat  to  which  all  barges 
to  be  loaded  are  tied.  A  tug  will  move  the  vessels  to  and  from  this  point 
to  the  coal  pier.  Platform  room  should  be  provided  around  the  pier,  so 
that  the  men  can  move  from  car  to  car,  or  to  the  shore,  without  walking 
on  the  tracks.  It  should  be  railed  in  so  that  there  is  no  danger  of  the 
men  falling  off.  Steps  should  be  provided  to  enable  the  men  to  get  from 
the  pier  down  to  the  boats  at  different  points,  as  a  certain  force  of  men  is 
constantly  employed  in  the  boats  trimming  cargoes,  and  these  men  have 
to  move  up  and  down.  The  pier  should  be  provided  with  water  closets. 
Mooring  piles  should  be  provided  at  frequent  intervals  alongside  of  the 
pier  for  tying  up  coal  barges. 

Some  companies  at  the  present  time  coal  their  tugs  and  other  vessels 
at  their  regular  coal  piers.  It  is  felt  that  this  is  not  desirable,  as  it  inter- 
feres very  seriously  with  the  handling  of  coal  on  the  coal  piers,  unless  it 
is  done  at  night,  and  it  would  be  advantageous  to  build  a  small  pier  for 
such  use  at  a  convenient  location. 

The  above  discussion  relates  only  to  the  simple  or  elementary  type 
of  pier  for  handling  coal.  It  is  the  intention  of  your  Committee  to  pre- 
pare a  detailed  report  on  coal  piers,  covering  a  number  of  different  kinds 
in  use  in  this  country,  and  including  also  the  various  mechanical  devices 
for  lifting  cars  and   dumping  coal. 

(7)     ELEVATORS. 

Grain  elevators  will  generally  be  required  at  water  terminals.  They 
should  be  so  built  that  cars  containing  grain  can  be  run  into  them  and 
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unloaded,  the  grain  in  turn  being  unloaded  from  the  elevators  into  cither 
lighters,  floating  elevators  or  steamers.  The  tracks  should  be  so  arranged 
that  they  will  feed  without  interference  to  and  from  the  proper  part  o{ 
the  general  yard  or  cluster.  The  usual  arrangements  for  fire  protection 
and  lighting  should  be  provided. 

(8-a)  flour  warehouses. 

A  flour  warehouse  should  generally  be  provided,  as  this  commodity 
comes  in  such  large  quantities,  and  the  trade  exactions  are  such 
that  special  provisions  must  be  made.  Some  companies  consent  to  the  in- 
troduction of  flour  blenders  in  their  warehouses,  by  means  of  which 
poorer  grades  of  flour  are  mixed  with  better  ones  before  being  placed 
upon  the  market.  The  features  of  construction  and  equipment  of  flour 
warehouses  have  been  discussed  in  connection  with  the  accommodations 
for  this  particular  commodity  at  storage  piers. 

(8-b)    hay  storage  warehouses. 

Some  companies  maintain  hay  storage  warehouses.  Such  ware- 
houses are  usually  short  lived.  Fires  invariably  break  out,  even  under 
the  best  of  care,  and  experience  seems  to  demonstrate  that  hay  should 
be  confined  to  cars  for  track  delivery. 

(9)     STOCK   yards. 

These  are  similar  to  stock  yards  at  other  large  terminals,  but  with  the 
addition  of  facilities  for  driving  cattle  on  board  the  lighter  or  steamer. 

CONCLUSIONS. 

Your  Committee,  in  closing  its  report,  begs  to  submit  for  adoption 
by  the  Association  the  following  general  conclusions,  based  upon  the 
information  which  has  been  presented  in  the  report : 

(i)  Cluster  or  Gener.xl  Yard  at  Rail  and  Water  Terminals. — 
This  should  be  so  arranged  that  as  trains  come  in,  the  cars  can  be 
readily  switched  into  the  necessary  classification,  and  then  moved  to  the 
proper  point  without  interfering  with  the  other  movem.ents. 

(2)  Covered  Lighterage  Pier. — This  should  be  600  feet  long  and 
125  feet  wide,  with  two  tracks  in  the  center.  There  should  be  a  clear 
water  space  200  feet  wide  between  adjacent  parallel  piers. 

(3)  Open  Lighterage  Pier. — This  should  be  600  feet  long  and  35 
feet  wide,  with  two  tracks  and  a  6-foot  platform  on  the  three  water  sides. 
There  should  be  a  clear  water  space  of  150  feet  between  adjacent  parallel 
piers.  Open  piers  which  are  very  long  or  which  have  two  or  more  berths 
on  each  side,  should  have  three  tracks,  with  crossover  connections  to 
allow  of  shifting  cars  for  any  one  berth  without  interfering  with  the  other 
berths.     In  this  case  the  width  should  be  45  or  50  feet. 

(4)  Export  and  Storage  Pjer. — This  should  be  600  feet  long  and 
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125  feet  wide,  with  two  floors,  the  head  room  being  20  feet  from  the 
first  and  18  feet  from  the  second  floor.  It  should  have  a  6-foot  platform 
outside.  It  should  have  two  tracks  on  the  first  floor  and  one  on  the 
second  floor ;  the  former  depressed  so  that  car  floors  will  be  level  with 
the  floor  of  the  shed. 

(5)  Coal  Pier. — This  should  be  an  open  pier  high  enough  to  allow 
coal  from  drop-bottom  cars  to  be  loaded  by  gravity  into  vessels  or 
barges.  It  should  have  three  or  more  tracks,  the  outside  tracks  for 
leaded  cars  and  the  inside  one  on  an  incline  to  return  the  unloaded 
car  to  the  yard  by  gravity.  The  length  depends  upon  the  grade  necessary 
to  reach  the  desired  elevation,  the  length  of  vessels  to  be  coaled  and  the 
number  of  cars  which  it  is  desired  to  unload  at  one  time.  Adjacent 
parallel  piers  should  be  150  feet  apart  in  the  clear. 

(6)  Station  Pier  and  Team  Track  Delivery. — A  station  pier 
served  by  car  floats  should  be  600  feet  long  and  125  feet  wide,  with  a  35- 
foot  depressed  driveway  in  the  center.  It  should  be  a  closed  pier,  with 
three-foot  platforjji  outside.  Adjacent  parallel  piers  should  be  200  feet 
apart  in  the  clear.  Along  the  water  street  should  be  a  bulkhead,  50  feet 
wide  with  two-story  building,  the  upper  floor  being  for  offices,  fruit  auc- 
tion room^  etc. 

(7)  Grain  Elevators. — These  should  be  so  located  that  cars  can  be 
run  into  them  and  unloaded,  the  tracks  being  so  located  that  cars  will 
feed  to  and  from  the  proper  part  of  the  cluster  or  general  yard  without 
interference  with  other  movements.  Where  possible  the  tracks  should  be 
arranged  to  feed  cars  in  at  one  end  and  out  at  the  other. 

Respectfully  submitted, 

C.  S.  Sims,  General  Superintendent,  Baltimore  &  Ohio  Railroad,  New 
York,  N.  Y.,  Chairman; 

W.  G.  Besler,  Vice-Pres.  and  General  Manager,  Central  Railroad  of  New 
Jersey,  New  York,  N.  Y.,  Vice-CIiairvian; 

].  A.  Atwood^  Chief  Engineer,  Pittsburg  &  Lake  Erie  Railroad,  Pitts- 
burg, Pa. ; 

'SI.  S.  Blaiklock,  Superintendent,  Grand  Trunk  Railway,  Montreal, 
Canada. 

J.  B.  Cox,  Chief  Engineer,  Chicago  Junction  Railway,  Chicago,  111. ; 

E.  P.  Dawley,  Division  Engineer,  New  York,  New  Haven  &  Hartford 

Railroad,  Boston,  Mass. ; 
G.  F.  Morse,  Assistant  Engineer,  Lehigh  Valley  Railroad,  Buffalo,  N.  Y. ; 
Nettelton  Neff,  Engineer  Maint.-of-Way,  Pennsylvania  Lines,  Chicago; 

F.  S.   Stevens,   Superintendent,   Philadelphia   &  Reading  Railway,  Read- 

ing, Pa. ; 
A.  W.  Swanitz,  Consulting  Engineer,  Chicago,  111. ; 
E.  E.  R.  Tratman,  Res.  Editor,  Eng.  News,  Chicago,  111.,  Secretary; 

Committee. 
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The  President: — In  the  absence  of  the  chairman,  I  will 
ask  Mr,  Besler  to  present  th^  report,  with  any  introductory 
remarks  the  Committee  may  have  to  make. 

Mr,  W.  G.  Besler  (Central  Railroad  of  New  Jersey)  : — The 
Committee  on  Yards  and  Terminals,  as  indica-ted  in  the  report 
which  we  have  submitted,  has  carried  forward  the  work  of  last 
year  and  presents  this  year  two  particular  subjects  in  the  de- 
velopment of  the  question  of  yards  and  terminals,  viz.,  termi- 
nal yard  and  general  switching,  and  water  and  rail  terminals. 
As  is  explained  and  shown  in  our  report,  we  can  do  little  better 
in  our  work  than  to  lay  down  a  skeleton  upon  which  may  be 
hung  such  particular  work  as  various  members  may  have  in 
hand  or  in  contemplation.  We  present  seven  conclusions, 
which  are  in  the  nature  of  a  skeleton,  simply  outlining  in  the 
general  form  what  is  possible  in  connection  with-  the  work  which 
has  been  assigned  to  us  for  the  year. 

The  President : — The  report  of  the  Committee  on  Yards 
and  Terminals  has  been  before  you  for  some  time,  and  that  being 
the  case,  we  will  confine  our  discussions  to  the  conclusions,  tm- 
less  there  is  some  other  particular  subject  to  which  the  Com- 
mittee desires  special  attention  given.  In  the  absence  of  any 
statement  from  them  to  the  contrary,  we  will  take  up  the  con- 
clusions. 

Mr.  Walter  G.  Berg  (Lehigh  A'allcy)  : — I  move  that  the 
first  conclusion  be  adopted. 

(Motion  carried.) 

The  President: — Any  objection  to  conclusion  No.  2? 

Mr.  Berg: — I  regret  that  I  have  objections  to  offer  to  con- 
clusion No.  2,  and  would  state  that  the  same  objections,  in  a 
general  way,  will  hold  to  all  the  balance  of  the  conclusions  offered 
by  the  Committee,  although  I  will  confine  myself  more 
particularly  to  No.  2,  The  attempt  is  here  made  to  specify  dis- 
tinctly the  exact  width,  length  and  conditions  governing  light- 
erage piers.  The  question  is  so  complex,  there  are  so  many  dif- 
ferent conditions,  that  it  can  not  be  done.  It  is  not  possible  to 
put  it  in  this  concise  shape  without  any  definitions  ahead,  without 
any  explanations  of  what  the  conditions  are  that  the  Committee 
is  trying  to  conform  to.  This  general  objection  will  hold  for 
most  of  the  following  conclusions,  namely,  that  the  Committee, 
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while  endeavoring  apparently  to  reach  general  conclusions  on 
the  subject  of  the  principal  structures  connected  with  water  and 
rail  terminals,  and,  as  they  express  at  the  start,  at  large  marine 
terminals,  independent  of  whether  ocean  or  lake  ports,  as  a 
matter  of  fact  the  conclusions  have  been  drawn  from,  in  some 
cases,  small,  and  in  other  cases  special  structures,  which 
are  not  typical  of  the  general  class,  but  are  special. 
In  other  words,  the  conclusions  drawn  to  cover  what 
the  Committee  intended  to  do  should  be  either  m.ore  general 
or  more  particularized ;  as  it  is,  they  come  half  way 
between  and  are  not  suited  for  conclusions,  but  suited  to  be  re- 
ceived as  a  progress  report.  If  the  Committee  will  generalize 
the  conclusions,  we  can  adopt  them.  If  they  will  particularize, 
giving  several  classes  of  conditions  coming  under,  for  instance, 
covered  lighterage  piers,  and  giving  for  each  class  of  conditions 
the  governing  sizes  that  they  will  recommend,  then  we  can  par- 
ticularize it  enough  to  be  able  to  adopt  it  also.  As  it  is,  it  is  not 
suitable  for  adoption,  as  it  does  not  represent  the  average  prac- 
tice, as  there  is  no  average  practice  that  can  be  recommended, 
unless  the  accompanying  conditions  are  explained.  I  therefore 
move  that  this  clause  No.  2  be  received  as  a  progress  report,  or 
for  information. 

Mr.  Besler : — I  can  only  repeat  the  remarks  I  made  in  the 
first  place,  and  which  are  included  in  one  of  our  recommenda- 
tions, viz.,  "as  to  the  arrangement,  will  depend  largely  on  the 
shape  and  size  of  the  property."  We  are  not  in  position  to  tell  you 
accurately  what  you  can  do  on  limited  spaces  and  on  dock  prop- 
erty that  must  necessarily  be  more  or  less  restricted  in  area.  If 
600  feet  is  not  satisfactory  we  are  agreeable  to  any  figures  that 
you  can  present  to  us  better  adapted  for  the  work. 

Mr.  Berg: — I  regret  that  I  have  to  take  this  position,  as  I  do 
not  wish  to  appear  as  an  obstructionist,  but  if  we  are  to  adopt  it 
as  a  conclusion,  it  must  be  either  generalized,  so  that  it  is  adapta- 
ble as  a  general  conclusion  to  all  the  different  conditions  that  will 
appear,  or  it  must  be  particularized  or  subdivided.  The  conclu- 
sion relating  to  a  particular  class  of  structure  must  be  subdi- 
vided into  a  number  of  subgroups  of  typical  cases,  and  then  we 
can  adopt  something.     I  do  not  know  why  the  convention  should 
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adopt  something  I  prepare  as  superior  to  the  Committee  report,  but 
I  would  like  to  read  a  substitute  clause,  simply  to  illustrate  my 
argument,  that  something  of  thajt  nature  is  preferable  to  an  arbi- 
trary statement,  without  any  accompanying  definition  as  to  what 
condition  it  applies  to.  As  proposed  by  the  Committee,  the  form 
of  the  conclusion  to  be  adopted  is  the  pier  shall  be  so  long,  so 
wide,  so  many  tracks  in  the  center ;  there  shall  be  clear  waterway 
so  wide  between  the  adjacent  piers.  There  are  no  accompanying 
qualifying  conditions,  nor  is  it  general  enough  to  apply  to  every 
case.     Here  is  a  substitute,  simply  to  illustrate  an  argument : 

"Open  Lighterage  Pier. — This  should  be  preferably  not  over 
600  feet  long.  There  should  be  from  two  to  five  tracks  on  the 
pier,  making  it  from  30  to  100  feet  wide,  with  crossovers  between 
the  tracks,  dependent  upon  the  length  of  the  pier,  number  of 
berths  on  each  side,  class  of  commodities  handled,  method  of 
handling,  mechanical  transfer  appliances,  and  whether  space  for 
temporarily  storing,  assorting  or  inspecting  materials  has  to  be 
provided  for  on  the  pier.  The  outside  track  should  be  located 
with  reference  to  the  face  of  the  pier,  according  to  the  class  of 
freight  to  be  handled,  method  of  transfer,  variation  of  water 
level,  and  freeboard  of  vessels.  The  width  of  slip  between  adja- 
cent parallel  piers  should  be  from  150  to  250  feet,  dependent  on 
length  of  piers  and  style  of  vessels ;  generally,  however,  for  piers 
not  over  600  feet  long,  a  width  of  200  feet  is  ample." 

"Covered  Lighterage  Pier. — This  should  be  preferably  not 
over  600  feet  long,  and  have  two  tracks  in  a  depressed  pit.  For 
quick-moving  lighterage  freight,  especially  inbound  to  cars,  the 
width  of  the  pier  should  be  about  100  feet.  For  lighterage  freight 
subject  to  considerable  delays,  such  as  outbound  freight,  waiting 
for  boats  or  for  balance  of  cars  to  arrive,  or  requiring  assorting, 
assembling  or  transferring  on  the  pier,  the  width  of  the  pier 
should  be  125  to  140  feet.  Where  the  exact  special  character 
of  the  future  service  can  not  be  defined,  a  compromised  width 
of  about  125  feet  is  indicated.  The  space  between  the  outside  of 
shed  and  face  of  pier  should  be  not  less  than  2  feet.  The  clear 
waterway  space  or  width  of  slip  between  adjacent  ])arallel  piers 
should  be  from  150  to  250  feet,  dependent  on  length  of  piers  and 
size  of  vessels  ;  generally,  however,  for  piers  not  over  600  feet 
long,  a  width  of  200  feet  is  ample." 
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The  President : — The  discussion  is  not  on  the  details  of  Mr. 
Berg's  substitute.     He  is  simply  using  that  as  an  illustration. 

Mr.  Besler: — Mr.  Berg  has  only  given  at  considerable  length 
and  in  considerable  detail  what  we  have  tried  to  give  boiled 
down.  Perhaps  we  made  it  too  specific  in  saying  what  these 
dimensions  should  be ;  we  might  have  said,  "this  should  be 
approximately  600  feet  long,  and  approximately  125  feet  wide, 
and  if  possible  200  feet  of  water  space."  That  is  what  we  want 
to  say  to  you.  We  can  not  lay  down  any  rules  to  you  for  lighter- 
age piers. 

The  President : — The  motion  before  the  Association  is  that 
conclusion  No.  2  be  received  as  a  report  of  progress  and  infor- 
mation, and  not  one  to  be  adopted  by  the  Association. 

(Motion  was  not  carried.) 

Mr.  R.  C.  Barnard  (Pennsylvania  Lines)  : — I  move  that  we 
substitute  for  recommendation  Xo.  2  the  following:  "When 
property  and  other  conditions  will  permit,  good  practice  would 
dictate  a  length  of  approximately  600  feet,  and  a  width  of  approx- 
imately 125  feet,  with  two  tracks  in  the  center,  and  a  clear  water 
space  of  about  200  feet  between  adjacent  parallel  piers." 

The  President : — The  question  is  open  for  discussion. 

Mr.  Berg: — I  think  the  amendment  to  conclusion  No.  2  is 
correct,  as  stated  by  the  gentleman,  and  in  line  with  my  previous 
remarks,  either  generalize  or  particularize.  I  think  it  is  a  happy 
change,  and  a  good  generalization  of  this  clause. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie)  :— I  think  it  is 
entirely  satisfactory  to  the  Committee  that  that  be  substituted. 

The  President: — The  Committee  has  accepted  Mr.  Barnard's 
substitute  for  No.  2.  There  being  no  further  objection.  No.  2 
stands  approved  as  amended. 

Mr.  Besler: — The  same  general  course  should  follow  on  con- 
clusion No.  3  as  has  been  taken  with  No.  2,  if  agreeable  to  the 
Association. 

Mr.  Berg: — In  regard  to  open  lighterage  piers,  I  think  the 
Committee  has  emphasized  the  two-track  lighterage  pier  to  too 
great  an  extent.  In  regard  to  the  length  of  600  feet,  ''not  over" 
or  "an  average  of  about  600  feet"  is  what  I  would  recommend. 
In  regard  to  the  width  of  the  open  lighterage  piers  with  two 
tracks,  35  feet,  6-foot  platform  on  the  two  water  sides  is  a  special 
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case.  That  question  of  a  6-foot  platform  can  not  be  put  into  a 
general  conclusion.  It  depends  entirely  upon  what  class  of 
freight  you  have  and  the  method  of  handling  it.  There  are  all 
kinds  of  conditions  on  an  open  lighterage  pier.  There  is  the 
class  of  freight,  kind  of  commodities  handled,  ,the  method  of 
handling,  mechanical  transfers,  whether  inspecting  or  assorting 
material  has  to  be  done  on  the  pier.  So  I  do  not  think  that  this 
statement  of  a  6-foot  platform  will  correspond  to  the  usual  prac- 
tice, because  the  6-foot  platform,  as  I  understand,  means  that  the 
outside  track  next  to  the  pier  frontage  is  to  be  separated  from 
the  water  front  by  the  6-foot  platform.  That  means  that  freight 
can  not  be  skidded  from  cars  down  over  the  stringpiece  to 
lighters.  It  has  to  be  handled,  though,  but  can  not  be  skidded. 
Here  is  a  case  where  we  are  generalizing  on  a  particular  class  of 
construction,  a  6-foot  platform  suitable  for  certain  commodities 
and  not  suitable  for  others.  I  think  the  generalization  will  not 
be  accomplished  by  simply  sprinkling  a  few  ''abouts"  throughout 
the  paragraph.  It  needs  more  cutting  than  that,  either  cutting 
so  as  to  generalize  or  enlarging  so  as  to  particularize.  I  offer, 
so  as  to  get  my  views  in.  the  following  amendment  to  the  motion : 

(The  recommendation  relating  to  "Open  Lighterage  Pier," 
previously  read,  was  repeated.) 

I  might  say,  in  the  wording  of  that  conclusion,  it  is  perfectly 
evident  that  there  are  any  number  of  conditions  that  affect 
designs,  to-wit,  number  of  tracks,  space  between  outside  track 
and  the  stringpiece,  handling  methods,  class  of  commodities,  and 
it  is  not  possible  to  confine  the  dimensions. 

Mr.  C.  Dougherty  (Illinois  Central)  : — It  appears  to  me,  in 
looking  over  the  former  portions  of  the  report  preceding  the 
conclusions,  that  a  good  deal  of  what  Mr.  Berg  has  called  atten- 
tion to  is  included  in  the  descriptions  given.  If  the  former  portion 
of  the  report  is  taken  in  connection  with  the  conclusions,  it  brings 
out  the  point  that  Mr.  Berg  has  raised. 

The  President : — The  conclusions  should  be  complete  in  them- 
selves. It  is  the  intention  of  the  Board  of  Direction  to  have  col- 
lected in  the  immediate  future,  and  published  in  Bulletin  form,  a 
complete  record  of  all  the  conclusions  that  have  been  adopted  by 
the  Association  from  its  beginning  to  the  present  time.  In  pub- 
lishing such  information  it  will  be  impossible,  of  course,  to  give 
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either  the  historical  or  the  argumentative  parts  of  the  reports, 
and  the  conclusions  only  will  be  given.  Those  conclusions  ought 
to  be  so  plain  and  so  clearly  stated  that  they  will  be  complete  in 
themselves,  and  will  not  be  dependent  upon  reference  to  some- 
thing else.  Mr.  Berg's  suggestion  in  regard  to  this  modification 
is  a  very  good  one. 

Mr.  Berg: — Answering  ]\Ir.  Dougherty,  I  have  not  found 
out  a  lot  of  new  things.  I  know  that  the  descriptive  part  of  the 
report  is  very  full  and  complete.  The  point  .1  wish  to  make  is 
exactly  as  expressed  b}-  the  President.  When  it  comes  to  con- 
clusions, they  should  be  precise.  Personally,  I  would  rather  see 
a  conslusion  worded  generally,  not  too  itemized,  and  if  any  gen- 
eral descriptions  can  be  offered  as  to  open  lighterage  piers  I  will 
be  very  glad  to  support  them. 

(The  amendment  was  carried.) 

Mr.  Berg : — I  regret  that  I  have  to  take  the  same  position  as 
to  conclusion  No.  4.  This  conclusion  is  somewhat  confusing. 
The  main  objection,  I  think,  that  can  be  offered  to  conclusion 
No.  4  is  the  width  of  125  feet.  You  take  it  with  125  feet,  deduct 
the  track  pits,  take  out  the  width  outside  of  the  building,  take  out 
two  passageways,  and  there  is  not  very  much  room  left  for  piling 
freight.  If  it  is  a  storage  pier,  the  whole  question  depends  on 
getting  space  for  storage  and  getting  the  storage  width  the  proper 
width,  according  to  the  commodity  handled,  so  as  to  have  the  tiers 
or  the  piles  of  the  proper  and  most  economical  length.  There- 
fore, it  is  impossible  to  arbitrarily  state  that  a  storage  pier  shall 
be  125  feet.  It  depends  on  the  class  of  freight  you  handle,  and 
whether  the  storage  pier  is  to  be  a  storage  pier  for  quick  moving 
storage  freight  or  for  long  storage  freight.  On  that  basis  it  is 
wrong  to  say  that  the  storage  pier  should  be  125  feet. 

Mr.  Besler: — We  would  be  very  glad  to  receive  from  Mr. 
Berg  at  some  length  and  in  detail,  and  from  any  other  members  of 
the  Association,  suggestions,  if  the  Association  wishes  to  make 
this  a  report  of  progress,  so  that  the  Committee  may  have  the 
advantage  of  such  suggestions. 

The  President : — The  proper  thing  for  us  to  do,  now  that  we 
have  opened  up  this  subject,  is  to  dispose  of  the  remaining  items 
in  the  manner  first  suggested  by  Mr.  Berg.  The  matter  has  been 
discussed  sufficiently  to  bring  out  the  points  in  the  report  which 
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should  be  modified.     Each  item  shall  have  to  be  treated  in  the 
same  manner,  so  that  the  first  suggestion  made  by  Mr.  Berg  is  a  . 
good  one. 

Mr.  F.  H.  McGuigan  (Grand  Trunk)  : — I  would  like  to  point 
out  what  I  regard  as  a  few  errors  in  paragraph  No.  4.  The 
length  of  the  pier  is  fixed  at  600  feet.  Boats  are  now  being  built 
700  feet  long,  hence  would  extend  100  feet  beyond  the  pier. 

Mr.  Besler : — Six  hundred  feet  is  not  fixed,  and  we  are  will- 
ing to  take  any  figures  the  Association  may  decide. 

Mr.  McGuigan : — You  say  the  shed  should  be  two  stories. 
I  would  add  "where  conditions  warrant  or  require."  We  handle 
some  export  stuff,  and  find  that  single-story  freight  sheds  are  very 
convenient  and  economical.  We  find  also  that  if  only  125  feet 
wide,  there  would  be  times  when  we  would  have  large  numbers 
of  our  cars  tied  up,  as  vessels  which  take  6,000  to  12,000  tons  of 
grain  and  miscellaneous  freight,  consisting  of  cotton  and  package 
freight  of  all  descriptions,  frequently  come  several  days  late.  If 
the  sheds  were  only  600  feet  long  and  125  feet  wide,  we  would 
find  it  very  difficult  to  get  even  half  a  cargo  for  one  of  these 
modern  vessels  into  the  shed.  For  this  reason  I  am  of  the  opinion 
they  should  be  300  to  400  feet  wide,  in  accordance  with  the  class 
of  traffic  to  be  handled. 

Mr.  Besler: — If  you  could  get  the  land. 

Mr.  McGuigan : — Exactly ;  but  you  fix  as  a  governing  prin- 
ciple that  the  sheds  shall  be  two-story,  and  125  feet  as  an  economi- 
cal width.  I  think  it  would  be  a  mistake  to  have  that  appear  as 
the  recommendation  of  this  Association,  as  it  is  necessary  to  make 
both  export  and  import  sheds  much  larger.  Sometimes  we  find 
vessels  are  ten  days  behind  schedule,  with  freight  coming  in  regu- 
larly by  rail,  and  if  there  is  not  room  to  store  freight  in  the  shed 
we  lose  the  use  of  our  cars. 

Mr.  Besler: — I  think  the  suggestion  made  by  the  last  speaker 
shows  how  impossible  it  would  be  for  the  Committee  to  attempt 
to  formulate  a  report  to  specify  everything.  As  indicated  in  my 
remarks,  we  can  only  attempt  to  formulate  a  skeleton  for  you. 
If  the  figures  we  have  given  are  not  acceptable,  we  are  willing  to 
have  them  left  blank,  or  have  the  Association  give  us  better 
figures. 

Mr.  ]\IcGuioan : — We  are  enlarsrinfr  and  extendinir  our  facili- 
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ties  from  time  to  time,  and  am  anxious  to  avoid  having  such  cir- 
cumscribed dimensions  adopted  by  this  Association,  as  I  have 
charge  of  the  improved  things  and  might  be  overruled  if  led  into 
the  error  of  making  plans  in  accordance  with  this  recommenda- 
tion. I  should  not  like  to  have  either  250  or  even  300  feet  adopted 
as  a  maximum  width. 

I^Ir.  C.  F.  W.  Felt  (Gulf,  Colorado  &  Santa  Fe)  :— These  di- 
mensions are  much  smaller  than  we  have  in  use  at  Galveston.  We 
have  several  piers  there  over  200  feet  in  width,  and  from  1,200 
to  1,400  feet  in  length.  These  piers  are  owned  by  the  wharf 
company.  Recently  the  Southern  Pacific  Company  has  built  a 
pier  for  its  New  York  business,  which  I  think  is  about  1.300  feet 
long  and  575  feet  wide.  That  is  to  be  used  for  the  quick  handling 
of  its  commercial  business,  and  I  think  that  any  other  piers  to 
be  built  there  will  probably  be  of  that  width,  probably  not  less 
than  250  feet,  and  1,200  to  1,400  feet  in  length.  It  occurs  to  me 
that  the  form  of  this  recommendation  might  be  changed  a  little  by 
using  units,  that  is,  on  the  basis  of  one  steamer  or  two  steamers, 
or  something  of  that  kind.  At  Galveston  we  have  no  two-story 
wharves — they  are  all  one-story.  The  business  there  is  prin- 
cipally cotton,  and  they  have  to  provide  a  very  large  storage  room 
for  bale  cotton  and  cotton  products. 

There  is  another  point — the  tracks  are  usually  located  in  the 
center  of  the  pier.  The  earlier  piers  were  built  with  a  track  level 
with  the  floor.  The  latter  practice — and  I  think  everyone  can  see 
it  is  the  best  practice — is  to  have  the  floor  on  a  level  with  the  car 
floor.  The  space  on  the  outside  of  the  sheds  is  about  six  feet, 
simply  room  enough  for  the  men  to  go  along  and  work  the  boats 
into  position. 

The  President: — It  is  evident  that  the  report  as  presented 
will  not  meet  with  the  approval  of  the  Association,  and  we  can 
save  time  and  advance  our  interests  best  by  accepting  the  remain- 
der of  the  report  as  a  report  of  progress  and  information,  and 
return  it  to  the  Committee  with  a  request  that  written  discussion 
should  follow.  If  that  suggestion  meets  your  approval,  the  chair 
will  be  glad  to  have  someone  make  a  motion  to  that  effect. 

]\Ir.  Berg: — I  make  such  a  motion,  with  the  additional  quali- 
fication or  condition  that  the  changes  alreadv  made  of  conclusions 
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2  and  3  should  be  excluded;  in  other  words,  treat  all  the  conclu- 
sions of  the  Committee  but  conclusion  i  on  the  same  basis. 

(The  motion  was  carried.) 

Mr.  Berg:— I  regret  there  was  no  opportunity  to  refer  to 
what  I  consider  a  very  valuable  part  of  this  report — that  is,  the 
section  on  the  "Terminal  Yard  and  General  Switching."  That 
has  not  come  under  review  in  our  discussion,  because  there  was 
no  conclusion  presented  in  connection  with  it,  but  I  believe  it  is 
a  very  important  and  valuable  part  of  the  report,  and  it  is  proper 
to  call  attention  to  it. 

The  President:- — The  next  report  before  the  Association  is 
the  report  on  Masonry.  I  will  call  upon  the  chairman  of  the 
Committee,  Mr.  H.  G.  Kelley,  to  present  the  report  in  the  way  he 
thinks  best,  and  indicate  the  parts  of  the  report  he  prefers  to  have 
given  attention,  and  the  order  in  which  he  prefers  to  have  the 
report  considered. 

REPORT  OF  COMMITTEE  NO.  ATI!.— ON  MASONRY. 

To  the  Members  of  the  American  Railivay  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee,  in  presenting  its  third  annual  report  upon  Masonry, 
has  been  guided  by  the  instructions  of  the  Board  of  Direction  contained 
in  Bulletin  No.  28. 

Realizing  that  the  subject  of  Masonry  is  a  complex  one,  it  has  con- 
sidered that  a  general  review  would  be  of  less  value  to  the  Association 
than  if  its  investigations  were  confined  to  one  branch  only ;  it  has  therefore 
taken  up  in  this  report  the  consideration  of  concrete  and  cement. 

It  had  been  the  original  intention  of  the  Committee  to  present  in  this 
report  some  original  investigations  into  the  characteristics  and  qualities 
of  the  materials  of  masonry  construction,  especially  of  sand  and  cement, 
I'ut  lack  of  suitable  laboratory  facilities  prevented  this  plan  being  carried 
rait  during  the  present  year. 

HISTORICAL. 

Authentic  records  indicate  that  the  Romans  were  the  first  to  possess 
a  knowledge  of  the  qualities  of  hydraulic  cement  and  to  have  applied  it  in 
making  concrete  several  centuries  prior  to  the  beginning  of  the  Christian 
era.  During  the  first  century  B.  C.  it  was  used  by  them  in  the  construc- 
tion of  buildings  and  important  public  works.  The  cement  used  by  the 
Romans   was   made   from   a    mixture    of  volcanic   ash   or   puzzolana    with 
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slaked  lime,  similar  to  the  slag  cement  of  our  day.  The  concrete  mixture 
was  of  broken  stone  spalls,  broken  bricks  and  pumice  stone,  containing 
piece?  of  all  sizes,  such  as  would  otherwise  have  been  refuse  in  the 
quarry  or  the  stonecutter's  yard. 

In  the  preparation  of  concrete  the  weight  which  it  would  be  required 
to  support  was  carefully  considered,  and  we  find  the  concrete  used  for 
foundations  was  composed  of  travertine  or  lava,  for  walls  volcanic  tufa 
or  broken  bricks,  and  for  the  upper  portions  or  vaults,  tufa  or  pumice 
stone  to  reduce  the  weight,  showing  the  structures  to  have  been  designed 
upon  scientific  principles. 

Most  of  the  concrete  work  was  covered  with  a  facing  of  blocks  of 
stone  or  of  triangular-shaped  bricks.  Partition  walls  in  buildings  were 
made  with  a  concrete  core  and  brick  facing. 

The  method  of  placing  concrete  in  forms  or  moulds  was  apparently 
the  same  as  we  use  to-day,  and  the  different  days'  work  can  often  be 
traced  in  the  structures  which  are  yet  in  existence,  by  a  difference  in  the 
appearance  or  color  of  the  concrete.  Notable  instances  of  the  Roman 
type  of  concrete  construction  are  the  dome  of  the  Pantheon  and  portions 
of  the  Colosseum  at  Rome,  and  the  famous  aqueduct  of  Carthage,  the 
latter  variously  attributed  to  the  Romans  and  Carthaginians. 

We  have  thus  before  us  structures  of  concrete  which  have  endured 
throughout  2,000  years,  a  guarantee  that  concrete  as  a  type  of  masonry 
construction  is  as  reliable  and  permanent  when  properly  made  as  the  best 
stone  masonry. 

It  is  difficult  to  determine  when  it  first  became  known  that  hydraulic 
cement  could  be  produced  by  artificial  means,  but  in  1824  Joseph  Apsdin, 
of  Leeds,  England,  made  hydraulic  lime  by  calcining  together  slaked  lime 
and  clay,  which  was  called  Portland  cement,  owing  to  its  resemblance  in 
color  and  hardness  to  the  English  Portland  stone,  much  in  use  at  that 
time. 

By  1884  the  manufacture  of  Portland  cement  had  reached  a  high 
degree  of  perfection,  both  in  England  and  Germany,  and  a  conference  was 
held  in  Munich  in  that  year,  and  a  second  one  in  Dresden  in  1886,  to  deter- 
mine upon  uniform  methods  of  manufacturing  and  testing.  At  the  Munich 
conference  the  Vicat  needle  for  determining  the  consistency  and  time  of 
setting  of  cement  pastes  was  endorsed  and  is  now  recommended  by  the 
Joint  Committee  on  Uniform  Tests,  appointed  by  the  American  Society  of 
Civil  Engineers  and  the  International  Association  for  Testing  Materials. 

Prior  to  1886  Portland  cement  had  been  manufactured  in  the  United 
States,  and  in  1871  General  Gillmore  gave  the  results  of  the  tests  of 
American  National  Portland  cement,  but  the  manufacture  did  not  reach 
large  proportions  until  after  the  year  1890,  and  the  United  States  was 
dependent  principally  upon  England  and  Germany  for  its  Portland  cement 
supply.  In  the  last  ten  years  its  manufacture  has  increased  rapidly  until 
in  1902  the  production  of  the  United  States  was  about  15,000,000  barrels. 
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THEORY  OF  CONCRETE. 

It  is  necessary,  therefore,  that  the  theory  of  concrete  should  be  known 
and  appreciated  by  all  constructors  in  order  that  their  designs  be  stable 
and  sufficient. 

Concrete  being  a  mass  of  broken  stone  or  gravel  cemented  together 
by  a  matrix,  it  follows  that  having  selected  the  stone  or  gravel,  it  is 
necessary  that  the  proper  amount  of  matrix  be  determined;  it  would 
appear  at  first  thought  that  if  the  voids  in  the  stone  or  gravel  mass  be 
determined  that  the  matrix  necessary  would  be  equal  to  the  voids,  but 
further  consideration  would  indicate  this  to  be  irrational.  If  we  can 
imagine  a  mass  of  concrete  in  which  the  voids  are  precisely  filled,  with  no 
surplus  matrix,  it  would  necessarily  require  that  the  various  constituent 
stones  would  be  in  actual  contact,  and  as  the  planes  of  their  surfaces  are 
not  at  right  angles  to  the  line  of  pressure,  we  would  have  a  mass  of  con- 
crete full  of  minute  incipient  cracks.  It  therefore  follows  that  there  should 
be  an  excess  of  matrix  to  insure  the  entire  surface  of  all  the  stone  or 
gravel  being  covered  with  the  cementing  material.  This  film  of  cementing 
material  should,  however,  be  as  thin  as  possible,  and  the  excess  of  matrix 
be  attained  by  an  excess  of  cement  above  the  voids  in  the  sand ;  experi- 
ence shows  this  should  be  from  5  per  cent  to  10  per  cent  of  the  voids. 

Various  writers  recording  experiments  with  broken  stone  and  gravel 
place  the  voids  at  from  41  per  cent  to  50  per  cent  of  the  mass.  A  number 
of  experiments  with  crushed  blue  limestone,  well  shaken  but  not  rammed, 
conducted  under  the  direction  of  the  Chairman  of  this  Committee,  gave  the 
following : 

Weight  Per  cent 

Size  of  Broken  Stone.  of  of 

One  Cu.  Ft.       Voids. 

Crusher  run  with  dust  screened  out   89.222  45-i6 

Stone    which    passed    2-inch    grating    and    retained    on 

l-inch r ' 86.741  47.70 

Stone    which    passed    2-inch    grating    and    retained    on 

%-inch  77.701  50.66 

The  sand  has  usually  been  required  to  "be  "sharp,"  but  it  is  question- 
able whether  a  rounded  grain  would  not  give  equally  as  good  results,  and 
the  ideal  sand  be  one  containing  grains  of  varying  sizes  without  reference 
to  their  shape,  thus  reducing  the  voids  to  a  minimum  and  requiring  less 
cement  to  thoroughly  cover  the  grains. 

Experiments  show  that  with  ordinary  sand  the  voids  will  vary  from 
31  per  cent  to  38  per  cent. 

Wm.  B.  Fuller,  in  the  Transactions  of  the  American  Society  of  Civil 
Engineers,  suggests  that  the  sand  should  equal  the  actual  voids  in  the 
stone  and  the  cement  be  added  possibly  up  to  10  per  cent  in  excess  of  the 
voids  in  the  combined  material.  This  proportion  is  probably  theoretically 
correct,  but  it  is  necessary  to  bear  in  mind  that,  owing  to  the  impractica- 
bility of  securing  perfect  mixing  in  large  masses,  experience  has  shown  the 
wisdom  of   increasing  the   actual   volume  of  the  mortar   somewhat   above 
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the  exact  theoretical  limits.  If  we  take  broken  stone  giving  47  per  cent 
of  voids,  and  sand  with  32.3  per  cent  of  voids,  we  will  find  the  theoretical 
proportion  to  be :  Cement  i,  sand  3.1  and  broken  stone  6.5,  as  stated  by 
S.  B.  Newberry  in  his  article  on  concrete,  in  the  Proceedings  of  the 
Indiana  Engineering  Society.  If  now  we  add  5'  per  cent  of  cement  and 
reduce  to  the  basis  of  cement  i,  we  will  have  cement  i,  sand  2.96,  broken 
stone  6.2,  or  nearly  the  proportion  quite  generally  used  for  concretes  of 
I,  3  and  6;  this  actual  proportion  giving  an  excess  of  mortar.  The  same 
reasoning  can  be  applied  to  other  mixtures  and  it  will  devolve  upon  the 
engineer  to  select  for  each  individual  piece  of  work  the  proper  mixture 
to  meet  in  the  most  economical  manner  the  purposes  required. 

In  all  cases  the  necessity  of  thoroughly  washing  all  dust  from  the 
stone  and  wetting  it  down  cannot  be  too  strongly  impressed. 

Concrete  as  a  construction  material  presented  a  high  compressive 
strength  with  a  low  tensile  strength,  and  to  increase  its  economical  appli- 
cation to  various  types  of  structures,  the  method  of  reinforcing  with  steel 
to  secure  tensile  strength  was  a  natural  and  gradual  evolution,  and  this 
was  simplified  from  the  fact  that  the  thermic  expansion  of  concrete  and 
steel  is  identical,  and  the  tension  modulus  of  elasticity  of  the  reinforced 
concrete  remains  constant  up  to  a  stress  which  is  equal  to  the  rupture  in 
case  of  concrete  not  reinforced. 

M.  Considere  states  that  concrete  when  not  reinforced  will  break 
with  an  elongation  of  less  than  i  part  in  10,000,  yet  he  remarks  the  tension 
faces  of  a  reinforced  concrete  beam  support  an  elongation  of  more  than 
I  in  1,000,  without  sign  of  fissure. 

Prof.  Hatt,  in  writing  of  this,  says :  "The  excess  of  elongation  over  the 
ordinary  concrete  may  be  accounted  for  by  supposing  that  the  wire  or  other 
material  reinforcement  distributes  an  elongation  throughout  the  entire 
length  of  the  concrete ;  whereas  the  elongation  when  not  reinforced  is  con- 
fined to  the  section  of  rupture." 

Experiments  of  M.  Hennibique,  a  French  engineer,  showed  the 
adhesion  between  concrete  and  an  iron  rod  imbedded  in  it  to  be  from  570 
to  650  pounds  per  square  inch  of  imbedded  metal  surface,  and  that  a  rod 
imbedded  to  a  depth  of  25  times  its  diameter  would  pull  apart  before 
separating  from  the  concrete. 

Experiments  conducted  by  Mr.  Robt.  Moore  at  the  time  of  construction 
of  the  St.  Louis  Merchants  Bridge  Terminal  Railway  upon  anchor  bolts 
imbedded  in  Portland  cement  and  allowed  to  stand'  for  ten  days,  gave  a 
resistance  of  500  pounds  per  square  inch  of  imbedded  surface  before 
pulling  apart  or  loosening. 

It  follows  from  the  above  that  there  is  an  economical  ratio  between 
the  sectional  area  of  the  reinforcing  bars  and  the  adhesion  to  their  super- 
ficial area,  and  it  will  be  found  that  this  economical  ratio  calls  for  small 
sections  of  bars  with  large  superficial  area,  rather  than  bars  of  large  sec- 
tion with  small  superficial  area. 

The  Committee  has  not  endeavored  to  include  in  this  report,  tables 
giving  the  exact  amount  of  various  ingredients  required  to  make  one  cubic 
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yard  of  concrete,  the  literature  upon  that  subject  being  voluminous  and  the 
variations  depending  directly  upon  local  conditions,  with  respect  to  the 
sizes  of  the  broken  stone  or  gravel  and  the  quality  of  the  sand,  as  well 
as  to  the  plasticity  of  the  mixture'  used. 

In  presenting  the  accompanying  specifications  for  cement,  your  Com- 
mittee desires  it  to  be  understood  that  they  are  provisional  only  and  are 
subject  to  change,  but  believe  they  will  afford  a  conservative  and  precise 
specification  from  which  a  reliable  cement  can  be  secured.  In  their  pre- 
paration the  Committee  has  adopted  the  recommendations  of  the  progress 
report  of  the  Joint  Committee  on  Uniform  Tests  of  Cement  by  the  Amer- 
ican Society  of  Civil  Engineers,  and  the  International  Association  for 
Testing  Materials. 

In  recommending  the  use  of  a  wet  concrete,  your  Committee  has  given 
the  subject  the  most  thorough  and  careful  investigation,  and  from  the  pre- 
ponderance of  testimony  and  the  individual  experience  of  its  members, 
believe  that  tJie  most  reliable  and  economical  results  can  be  secured  by 
this  method. 

DEFINITIONS  OF  MASONRY  TERMS  APPLIED  TO  RAILROAD 
CONSTRUCTION. 

Arch  Masonry. — That  portion  of  the  masonry  in  the  arch  ring  only,  or 

between  the  intrados  and  the  extrados. 
Ashlar. — A  squared  or  cut  block  of  stone  with  rectangular  dimensions. 
Ashlar  or  Range  Masonry. — A  collection  of  ashlar  blocks  built  up  in  a 

masonry   structure   with  parallel   beds   and   continuous   joints,   herein 

described  as  first-class  masonry. 
Backing. — That  portion  of  a  masonry  wall  or  structure  built  in  the  rear 

of  the  visible  face.    It  may  be  attached  to  the  face  and  bonded  with  it 

or  with  a  space  between  for  filling.     It  is  usually  of  a  cheaper  grade 

of  masonry  than  the  face. 
Batter. — The  slope  or  inclination  of  the  face. 
Bed. — Stone,  brick  or  other  building  material  in  position,  upon  which  other 

material  is  to  be  laid. 
Beton. — (See  Concrete.) 
Block  Rubble. — Large  blocks  of  building  stone  as  they  come  from  the 

quarry.     (See  Rubble.) 
Bond. — The  mechanical  disposition  of  stone,  brick  or  other  building  blocks 

by  over-lapping  to  break  joints. 
Brick. — No.  i  hard  burned,  absorption  2  per  cent ;  No.  2  softer  and  lighter 

than  No.  i,  absorption  5  to  6  per  cent. 
Broken  Ashlar. — Ashlar  masonry  in  which  the  beds  are  parallel  but  not 

continuous,  herein  classified  as  second-class  masonry ;  also  sometimes 

termed  broken  range  masonry. 
Cement. — A  preparation  of  calcined  clay  and   limestone,   possessing   the 

property  of  hardening  into  a  solid  mass  when  moistened  with  water. 

This  property  is  exercised  under  water  as  in  open  air.     Cements  are 
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divided    into   three    classes:    Portland,    Natural    and    Puzzolan.    (See 

each.) 
Centering. — A  temporary  support  used  in  arch  construction.     (Also  called 

Centers.) 
Concrete. — A  compact  mass  of  broken  stone  or  gravel  assembled  together 

with  cement  mortar  and  allowed  to  set. 
Coping. — A  top  course  of  dimension  stone  or  concrete  slightly  projecting 

to  shelter  the  masonry  from  the  weather,  or  to  distribute  the  pressure 

from  exterior  loading. 
Course. — Each  separate  layer  in  stone,  concrete  or  brick  masonry. 
Dimension  Stone. — Blocks  of  stone  cut  to  specified  dimensions. 
Dressing. — The  finish  given  to  stone  or  to  concrete  facing. 
Dry  Wall. — A  masonry  wall  in  which  stones  are  built  up  without  the  use 

of  mortar,  herein  classified  as  fourth-class  masonry. 
Face. — The  expwDsed  surface  in  elevation. 
Facing. — In  concrete:  ist.    A  rich  mortar  placed  on  the  exposed  surfaces 

to  make  a  smooth  finish. 

2nd.    Shovel  facing  is  working  the  mortar  of  concrete  to  the  face. 
Flush. — When  two  or  more  separate  pieces  of  a  structure  are  laid  with 

their  faces  or  beds  in  the  same  plane. 
Footing. — A  projecting  bottom  course. 
Forms. — Framed  construction  for  holding  concrete  in  desired  shape  until 

the  final  set  is  attained. 
Foundation. — That  portion  of  a  structure  usually  below  the  surface  which 

distributes  the  pressure  upon  the  bed. 
Grout. — A  thin  mortar  either  poured  or  applied  with  a  brush. 
Joint. — A  space  in  masonry  construction  to  be  filled  with  mortar,  or  re- 
maining unfilled  to  allow  for  temperature  changes. 
Lagging. — Horizontal  strips  used  to  carry  and  distribute  the  weight  of  an 

arch  to  the  ribs  or  centering  during  its  construction. 
Masonry. — All  constructions  of  stone  or  kindred  substitute  materials  in 

which  the  separate  pieces  are  either  placed  together,  with  or  without 

cementing  material  to  join  them,  or  where  not  separately  placed  are 

encased  in  a  matrix  of  firmly  cementing  material. 


Stone. 


Concrete. 


-Brick. 


'  1st  class 

1  Arch. 

^  ,\shlar  or  Range. 

1  Dimension  Stone. 

2d  class 

Broken  Ashlar  or  B 

3d  class 

j  Coursed  Rubble. 
(  I'ncoursed  Rubble. 

[4th  class 

Dry  Walls. 

j  Broken  Stone. 
/  Gravel. 

i  1st  class 
1  2d  class 

Riprapping  and  Paving  are  not  masonry  construction. 
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Mortar. — A  mixture  of  sand,  cement  and  water,  used  to  cement  together 
the  various  stones  or  brick  in  masonry  work. 

Natural  Cement. — A  product  formed  of  calcinated  limestone  containing 
clay  and  carbonate  of  magnesia ;  reduced  to  a  fine  powder.  It  pos- 
sesses the  property  of  hardening  either  in  air  or  under  water  when 
mixed  into  a  paste. 

Paving. — Regularly  placed  stone  or  brick  forming  a  floor. 

Pointing. — Filling  joints  or  defects  in  the  face  of  masonry  structure. 

^Portland  Cement. — A  product  of  the  mixture  of  clay  and  limestone  in 
definite  proportions,  calcinated  at  a  high  temperature  and  afterwards 
reduced  to  a  fine  powder.  It  possesses  the  quality  of  -hardening  either 
in  air  or  under  water  when  mixed  into  a  paste. 

PuzzoLAN. — An  intimate  mixture  of  ground  furnace  slag  and  slaked  lime 
without  further  calcination,  which  possesses  the  hydraulic  qualities  of 
cement. 

Quarry  Face  or  Rock  Face. — Stone,  faced  as  it  comes  from  the  quarry. 

Range  Masonry  or  Range  Work. — Masonry  in  which  the  various  courses 
are  laid  up  with  continuous  horizontal  joints,  herein  classified  as  first- 
class  masonry. 

Riprap. — Rough  stone  of  various  sizes  placed  compactly  or  irregularly  to 
prevent  scour  by  water. 

Rubble. — Field  stone  or  rough  stone  as  it  comes  from  the  quarry.  When 
it  is  of  large  or  massive  size  it  is  termed  block  rubble. 

Rubble  Masonry. — Masonry  composed  of  unsquared  or  roughly  squared 
stone  or  rubble  of  irregtilar  size  or  shape.  It  may  be  either  coursed 
or  uncoursed.    Herein  classified  as  third-class  masonry. 

Sand  Cement  or  Silica  Cement. — A  mixture  of  clean  sand  and  Portland 
cement  ground  together. 

Spall  (Noun). — A  chip  or  small  piece  of  stone  broken  from  a  large  block. 

Steel  Concrete. — Concrete  masonry  reinforced  by  embedding  within  it 
steel  beams,  rods,  wires  or  sheets  in  various  forms. 

SPECIFICATIONS  FOR  PORTLAND  CEMENT  CONCRETE. 

Cement"  shall  be  Portland,  either  American  or  Foreign,  which  will 
meet  the  requirements  of  the  standard  specifications. 

Sand  shall  be  clean,  sharp  and  coarse,  but  preferably  of  grains  varying 
in  size.    It  shall  be  free  from  clay,  loam,  sticks  and  other  impurities. 

Stone  shall  be  sound,  hard  and  durable,  crushed  to  sizes  not  exceeding 
two  inches  in  any  direction  and  freed  from  dust  by  screening. 

Gravel  shall  be  composed  of  clean  pebbles  of  hard  and  durable  stone  of 
sizes  not  exceeding  two  inches  in  diameter,  free  from  clay  and  other  im- 
purities except  sand.  When  containing  sand  in  any  considerable  quantity, 
the  amount  per  unit  of  volume  of  gravel   shall  be  determined  accurately 

*See  amendments  page  394. 
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to  admit  of  the  proper  proportion  of  sand  being  maintained  in  the  concrete 
mixture. 

Water  shall  be  clean  and  reasonably  clear,  free  from  sulphuric  acid 
or  strong  alkalies. 

Mixing  by  Hand. —  (i.)  Tight  platforms  shall  be  provided  of  sufficient 
size  to  accommodate  men  and  materials  for  the  progressive  and  rapid 
mixing  of  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall 
not  exceed  one  cubic  yard  each,  and  smaller  batches  are  preferable,  based 
upon  a  multiple  of  the  number  of  sacks  to  the  barrel. 

(2.)  Spread  the  sand  evenly  upon  the  platform,  then  the  cement  upon 
the  sand  and  mix  thoroughly  until  of  an  even  color.  Add  all  the  water 
necessary  to  make  a  thin  mortar  and  spread  again ;  add  the  gravel  if  used, 
and  finally  the  broken  stone,  both  of  which  if  dry  should  first  be  thoroughly 
wet  down.  Turn  the  mass  with  shovels  or  hoes  until  thoroughly  incorpo- 
rated, and  all  the  gravel  and  stone  is  covered  with  mortar;  this  will  prob- 
ably require  the  mass  to  be  turned  four  times. 

(3.)  Another  approved  method  which  may  be  permitted  at  the  option 
of  the  Engineer  in  charge,  is  to  spread  the  sand,  then  the  cement,  then 
the  gravel  or  broken  stone ;  add  water  and  mix  thoroughly  as  above. 

By  Machine. — A  machine  mixer  shall  be  used  wherever  the  volume  of 
work  will  justify  the  expense  of  installing  the  plant.  The  necessary  require- 
ments for  the  machine  will  be  that  a  precise  and  regular  proportioning 
of  materials  can  be  controlled  and  the  product  delivered  be  of  the  required 
consistency  and  thoroughly  mixed. 

*CoNSiSTENCY.  The  concrete  shall  be  of  such  consistency  that  when 
dumped  in  place  it  will  not  require  tamping;  it  shall  be  spaded  down  and 
tamped  sufficiently  to  level  oflf  and  will  then  quake  freely  like  jelly. 

Course,  (i.)  Each  course  should  be  left  somewhat  rough  to  insure 
bonding  with  the  next  course  above ;  and  if  it  be  already  set,  shall  be 
thoroughly  cleaned  and  dampened  before  the  next  course  is  placed  upon 
it.  The  plane  of  courses  shall  be  as  nearly  as  possible  at  right  angles  to 
the  line  of  pressure. 

(2.)  An  uncompleted  course  shall  be  left  with  a  vertical  joint  where 
the  work  is  stopped. 

(3)  The  work  should  be  carried  up  in  sections  of  convenient  length, 
and  completed  without  intermission. 

Expansion  Joints,  (i.)  In  exposed  work  expansion  joints  shall  be 
provided  at  intervals  of  thirty  feet  to  fifty  feet.  A  temporary  vertical  form 
or  partition  of  plank  shall  be  set  up  and  the  section  behind  completed  as 
though  it  were  the  end  of  the  structure.  The  partition  will  be  removed 
when  the  next  section  is  begun  and  the  new  concrete  placed  against  the  old 
without  mortar  flushing.  Locks  shall  be  provided  if  directed,  or  called  for 
by  the  plans. 

(2)  In  reinforced  or  steel  concrete  the  length  of  these  sections  may 
be  materially  increased  at  the  option  of  the  Engineer. 

*See  amendments  page  394. 
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Time.  Concrete  shall  be  placed  immediately  after  mixing  and  any  hav- 
ing an  initial  set  shall  be  rejected. 

Facing.  About  one  inch  of  mortar  of  the  same  proportions  as  used 
in  the  concrete  may  be  placed  next  to  the  forms,  immediately  in  advance 
of  the  concrete,  or  a  shovel  facing  made,  at  the  option  of  the  Engineer 
in  charge. 

Forms,  (i.)  Shall  be  substantial  and  unyielding,  properly  braced  or 
tied  together  by  means  of  wire  or  rods. 

(2.)  The  material  used  shall  be  of  dressed  lumber,  secured  to  the 
studding  or  uprights  in  horizontal  lines. 

(3.)  Planking  once  used  in  forms  shall  be  cleaned  before  being  used 
again. 

(4.)  The  forms  must  not  be  removed  within  forty-eight  hours  after 
all  the  concrete  in  that  section  has  been  placed.  In  freezing  weather  they 
must  remain  until  the  concrete  has  had  a  sufficient  time  to  become 
thoroughly  set. 

(5.)  In  dry  but  not  freezing  weather,  the  forms  shall  be  drenched 
with  water  before  the  concrete  is  placed  against  them. 

(6.)     For  backings,  undressed  lumber  may  be  used  for  forms. 

Proportioning.  The  proportion  of  the  materials  in  the  concrete  shall 
be  as  specifically  called  for  by  the  contract,  or  as  set  forth  herein,  upon 
the  lines  left  for  that  purpose ;  the  volume  of  cement  to  be  based  upon  the 
actual  cubic  contents  of  one  barrel  of  specified  weight. 


Parts  by  Volume 

STRUCTURE. 

Cement 

Sand 

Gravel 

Broken 
Stone 
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Finishing,  (i.)  After  the  forms  are  removed,  any  small  cavities  or 
openings  in  the  concrete  shall  be  neatly  filled  with  mortar  if  necessary. 
Any  ridges  due  to  cracks  or  joints  in  the  lumber  shall  be  rubbed  down; 
the  entire  face  shall  then  be  washed  with  a  thin  grout  of  the  consistency 
of  whitewash,  mixed  in  the  proportion  of  one  part  of  cement  to  two  parts 
of  sand.    The  wash  should  be  applied  with  a  brush. 

(2.)  The  tops  of  bridge  seats,  pedestals,  copings,  wing  walls,  etc., 
when  not  finished  with  natural  stone  coping,  shall  be  finished  with  a 
smooth  surface  composed  of  one  part  cement  to  two  parts  of  granite,  or 
other  suitable  screenings,  or  sand  applied  in  a  layer  i  to  1%  inches  thick. 
This  must  be  put  in  place  with  the  last  course  of  concrete. 

(3.)  In  arch  tops,  a  thin  coat  of  mortar  or  grout  shall  be  applied  over 
the  top  to  thoroughly  seal  the  pores. 

SPECIFICATIONS  FOR  NATURAL  CEMENT. 

Defined.  Natural  cement  is  a  product  formed  of  calcinated  limestone 
containing  clay  and  carbonate  of  magnesia  reduced  to  a  fine  powder. 

Packages.  Cement  shall  be  packed  in  well  made  wooden  barrels  lined 
with  paper,  or  in  strong  jute  or  paper  sacks.  Each  package  shall  be  plainly 
marked  with  the  brand  and  name  of  the  manufacturer  and  the  net  weights 
shall  be  exact  and  uniform. 

*Weight.  One  barrel  shall  contain  not  less  than  265  pounds  of 
cement.  Three  paper  sacks  of  cement  shall  be  equivalent  in  weight  to  one 
barrel,  or  two  jute  sacks  containing  not  less  than  133  pounds  to  the  sack. 

Condition.  All  cement  shall  be  delivered  in  sound  packages,  un- 
damaged by  moisture  or  other  causes. 

Storage.  Cement  must  be  stored  until  used  in  a  perfectly  dry  place 
in  such  manner  as  will  insure  it  from  all  damage. 

Rejection.  All  cement  failing  to  meet  the  requirements  of  the  speci- 
fications may  be  rejected,  and  all  rejected  cement,  whether  damaged  or 
rejected  for  other  causes,  shall  be  removed  at  once  from  the  company's 
property. 

Tests.    All  cement  shall  be  subject  to  the  following  tests: 

Sampling,  (i.)  The  selection  of  the  sample  for  testing,  the  number 
of  packages  sampled,  and  the  quantity  taken  from  each  package,  must  be 
left  to  the  discretion  of  the  Engineer,  but  each  sample  should  be  a  fair 
average  of  the  contents  of  the  package  from  which  it  is  taken.  At  least  one 
barrel  in  every  ten  should  be  sampled. 

(2.)  Cement  in  barrels  should  be  sampled  through  a  hole  made  in 
the  center  of  one  of  the  staves,  midway  between  the  heads,  or  in  the  head, 

*8ee  amendments  page  395. 
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by  means   of  an  auger  or  sampling  iron   similar  to  that  used  by  sugar 
inspectors.    If  in  bags,  it  should  be  taken  from  surface  to  center. 

(3.)  All  samples  should  be  passed  through  a  sieve  having  twenty 
meshes  per  linear  inch  in  order  to  break  up  lumps  and  remove  foreign 
material.  For  determining  the  characteristics  of  a  shipment  of  cement  the 
individual  samples  may  be  mixed  and  the  average  tested ;  where  time  will 
permit,  however,  each  sample  shall  be  tested  separately. 

Fineness.  Not  less  than  80  per  cent,  of  the  cement  tested  shall  pass 
through  a  No.  100  standard  sieve.  The  standard  sieve  shall  be  circular 
about  20  cm.  (7.87  ins.)  in  diameter,  6  cm.  (2.36  ins.)  high  and  provided 
with  a  pan  5  cm.  (1.97  ins.)  deep  and  a  cover.  The  wire  cloth  in  the  sieve 
to  be  woven  (not  twilled)  from  brass  wire,  having  a  diameter  of  0.0045  ins. 
This  cloth  to  be  mounted  in  the  frame  without  distortion ;  the  mesh  should 
be  regular  in  spacing  and  for  a  No.  100  sieve  shall  contain  not  less  than 
96  nor  more  than  100  meshes  per  linear  inch.  The  cement  to  be  thus  tested 
shall  be  thoroughly  dried  at  a  temperature  of  100  C.  (212  degrees  Fahr.) 
before  sieving. 

Set.    (i.)     Initial  set  shall  not  occur  in  less  than  twenty  (20)  minutes. 

*(2.)     Final  set  shall  not  occur  in  less  than  twenty   (20)   minutes. 
more  than  four  (4)  hours. 

(3.)  The  time  of  setting  shall  be  determined  by  means  of  the  Vicat 
needle  apparatus  as  recommended  by  the  Committee  of  the  American 
Society  of  Civil  Engineers  upon  uniform  tests  of  cement,  in  conjunction 
with  the  Committee  of  the  International  Association  for  Testing  Materials- 

(4.)  Using  a  paste  composed  of  neat  cement  and  water,  of  normal 
consistency,  the  initial  set  is  said  to  have  commenced  when  the  needle 
ceases  to  pass  a  point  5  mm.  (0.20  ins.)  above  the  upper  surface  of  the 
glass  plate  in  the  Vicat  apparatus,  and  is  said  to  have  terminated  the 
moment  the  needle  does  not  sink  visibly  into  the  mass. 

(5.)  The  paste  is  of  normal  consistency  when  the  cylinder  of  the 
Vicat  apparatus  penetrates  to  a  point  in  the  mass  10  mm.  (0.39  ins.)  below 
the  top  of  the  ring. 

(6.)  The  amount  of  water  required  to  make  a  paste  of  normal  con- 
sistency varies  with  different  cements,  but  will  be  found  to  be  approxi- 
mately 30  per  cent  of  the  weight  of  the  cement.  It  should  have  a  tem- 
perature of  70  degrees  Fahrenheit. 

Soundness,  (i.)  Cold  Water  Test.  A  pat  of  neat  cement  2^/^  to  3 
inches  in  diameter,  V2  inch  thick  at  center,  tapering  to  a  thin  edge,  and 
allowed  to  take  its  final  set  in  moist  air,  must  withstand  indefinite  ex- 
posure in  water  or  air  at  any  ordinary  temperature  without  checking,  dis- 
tortion or  softening. 

Tensile  Strength,  (i.)  The  briquette  used  in  testing  shall  be  formed 
in  moulds  of  the  size  and  form  now  in  customary  use  and  recommended 

♦See  amendments  page  395. 
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by  the  American  Society  of  Civil  Engineers,  the  stress  to  be  applied  at  a 
uniform  rate  of  400  pounds  per  minute  until  fractured. 

(2.)  All  briquettes  of  neat  cement  are  to  be  made  from  paste  of 
normal  consistency  in  the  following  manner :  The  moulds  should  be  filled 
with  the  paste  as  soon  as  it  is  thoroughly  mixed  and  tempered,  the  material 
pressed  in  firmly  w^ith  the  fingers  and  smoothed  off  with  a  trowel  without 
ramming;  the  material  should  be  heaped  up  on  the  upper  surface  of  the 
mould  and  in  smoothing  off,  the  trowel  should  be  drawn  over  the  mould  in 
such  a  manner  as  to  exert  a  moderate  pressure  upon  the  excess  material. 
The  mould  should  then  be  turned  over  and  the  operation  repeated  on  the 
other  side. 

*(3.)  Briquettes  for  twenty-four  hour  tests  shall  be  allowed  to  set 
one  hour  in  air  and  remainder  of  period  in  water. 

(4.)  Briquettes  for  seven  and  twenty-eight  day.  tests  shall  be  allowed 
to  set  one  day  in  moist  air  and  remainder  of  period  in  water. 

(5.)  All  briquettes  are  to  remain  in  the  water  until  they  are  placed 
in  the  testing  machine. 

(6.)  Neat  twenty- four  hour  tests  shall  not  show  less  than  60  pounds 
per  square  inch.  Neat  seven  day  tests  shall  not  show  less  than  100  pounds 
per  square  inch.  Neat  twenty-eight  day  tests  shall  not  show  less  than  150 
pounds  per  square  inch,  nor  less  than  25  per  cent,  above  the  seven  day  test. 

Specific  Gravity.  The  specific  gravity  determined  upon  dried  cement 
which  has  passed  through  a  No.  100  sieve  shall  not  be  less  than  2.50  nor 
more  than  2.80.  The  specific  gravity  can  be  conveniently  and  accurately 
determined  by  the  use  of  Le  Chatelier's  apparatus  as  recommended  by  the 
Committee  on  uniform  tests  of  cements. 

Uniformity.  If  in  the  tests  of  any  given  brand  of  cement,  any  sudden 
irregular  or  wide  Variation  from  its  normal  action  is  found,  it  should  be 
withheld  from  use  until  more  extended  tests  shall  have  demonstrated  its 
reliability. 

SPECIFICATIONS  FOR  PORTLAND  CEMENT. 

*Defixed. — Portland  cement  is  a  product  of  the  mixture  of  clay  and 
limestone  in  definite  proportions,  calcinated  at  a  high  temperature  and 
reduced  to  a  fine  powder. 

Packages. — Cement  shall  be  packed  in  well  made  wooden  barrels  lined 
with  paper,  or  in  strong  cotton  or  paper  sacks.  Each  package  shall  be 
plainly  marked  with  the  brand  and  name  of  the  manufacturer  and  the  net 
weights  shall  be  exact  and  uniform. 

Weight. — One  barrel  shall  contain  not  less  than  376  pounds  of  cement, 
and  four  sacks  shall  be  equivalent  in  weight  to  one  barrel. 

CoxDiTioN. — All  cement  shall  be  delivered  in  sound  packages,  un- 
damaged by  moisture  or  other  causes. 

Stor.\ge. — Cement  must  be  stored  until  used  in  a  perfectly  dry  place 
in  such  manner  as  will  insure  it  from  all  damage. 

*See  amendments  page  395. 
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Rejection. — All  cement  failing  to  meet  the  requirements  of  the  speci- 
fications may  be  rejected,  and  all  rejected  cement,  whether  damaged  or 
rejected  for  other  causes,  shall  be  removed  at  once  from  the  company's 
property. 

Tests. — All  cement  shall  be  subject  to  the  following  tests: 

Sampling,  (i.)  The  selection  of  the  sample  for  testing,  the  number 
of  packages  sampled,  and  the  quantity  taken  from  each  package,  must  be 
left  to  the  discretion  of  the  Engineer,  but  each  sample  should  be  a  fair 
average  of  the  contents  of  the  package  from  which  it  is  taken.  At  least 
one  barrel  in  every  ten  should  be  sampled. 

(2.)  Cement  in  barrels  should  be  sampled  through  a  hole  made  in  the 
center  of  one  of  the  staves,  midway  between  the  heads,  or  in  the  head, 
by  means  of  an  auger,  or  sampling  iron  similar  to  that  used  by  sugar  in- 
spectors.    If  in  bags  it  should  be  taken  from  surface  to  center. 

*(3.)  All  samples  should  be  passed  through  a  sieve  having  twenty 
meshes  per  linear  inch  in  order  to  break  up  lumps  and  remove  foreign 
material.  For  determining  the  characteristics  of  a  shipment  of  cement 
the  individual  samples  may  be  mixed  and  the  average  tested;  where  time 
will  permit,  however,  each  sample  will  be  tested  separately. 

Fineness.  Not  less  than  94  per  cent,  of  the  cement  tested  shall  pass 
through  a  No.  100  standard  sieve.  The  standard  sieve  shall  be  circular, 
about  20  cm.  (7.87  ins.)  in  diameter,  6  cm.  (2.36  ins.)  high,  and  provided 
with  a  pan  5  cm.  (1.97  ins.)  deep,  and  a  cover.  The  wire  cloth  in  the 
sieve  to  be  woven  (not  twilled)  from  brass  wire,  having  a  diameter  of 
0.0045  ins.  This  cloth  to  be  mounted  in  the  frame  without  distortion; 
the  mesh  should  be  regular  in  spacing  and  for  a  No.  100  sieve  shall  contain 
not  less  than  96  nor  more  than  100  meshes  per  linear-  inch.  The  cement 
to  be  thus  tested  shall  be  thoroughly  dried  at  a  temperature  of  100  C. 
(212  degrees  Fahr.)  before  sieving. 

Set.     (i.)     Initial  set  shall  not  occur  in  less  than  thirty  (30)  minutes. 

(2.)  Final  set  shall  not  occur  in  less  than  one  hour  nor  more  than  ten 
hours. 

(3.)  The  time  of  setting  shall  be  determined  by  means  of  the  Vicat 
needle  apparatus  as  recommended  by  the  Committee  of  the  American  So- 
ciety of  Civil  Engineers  upon  uniform  tests  of  cement,  in  conjunction  with 
the  Committee  of  the  International  Association  for  Testing  Materials. 

(4.)  Using  a  paste  composed  of  neat  cement  and  water,  of  normal 
consistency,  the  initial  set  is  said  to  have  commenced  when  the  needle 
ceases  to  pass  a  point  5  mm.  (0.20  in.)  above  the  upper  surface  of  the 
glass  plate  in  the  Vicat  apparatus,  and  is  said  to  have  terminated  the 
moment  the  needle  does  not  sink  visibly  into  the  mass. 

(5.)  The  paste  is  of  normal  consistency  when  the  cylinder  of  the 
Vicat  apparatus  penetrates  to  a  point  in  the  mass  10  mm.  (0.39  in.)  below 
the  top  of  the  ring. 

*See  amendments  page  39.5. 
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(6.)  The  amount  of  water  required  to  make  a  paste  of  normal  con- 
sistency varies  with  different  cements,  but  will  be  found  to  be  approxi- 
mately 20  per  cent  of  the  weight  of  the  cement.  It  should  have  a  tem- 
perature of  70  degrees  Fahrenheit. 

Soundness,  (i.)  Cold  Wafer  Test.  A  pat  of  neat  cement  2%  to  3 
inches  in  diameter,  V2  inch  thick  at  center,  tapering  to  a  thin  edge,  and 
allowed  to  take  its  final  set  in  moist  air,  must  withstand  indefinite  exposure 
in  water  or  air  at  any  ordinary  temperature  without  checking,  distortion 
or  softening. 

(2.)  Boiling  Wafer  Test.  A  pat  of  neat  cement  as  above,  placed  in 
water,  which  shall  be  slowly  raised  to  the  boiling  point  and  then  main- 
tained in  that  condition  for  three  hours  and  allowed  to  cool  gradually,  shall 
not  show  any  signs  of  checking,  distortion  or  softening.  The  same  result 
should  follow  exposure  to  steam  not  under  pressure  for  three  hours.  This 
test  may  or  may  not  be  cause  for  rejection  at  the  option  of  the  Engineer 
in  charge. 

Tensile  Strength.  (i.)  The  briquette  used  in  testing  shall  be  formed 
in  moulds  of  the  size  and  form  now  in  customary  use  and  recommended  by 
the  American  Society  of  Civil  Engineers,  the  stress  to  be  applied  at  a 
uniform  rate  of  600  pounds  per  minute  until  fractured. 

(2.)  All  briquettes  of  neat  cement  are  to  be  made  from  paste  of 
normal  consistency  in  the  following  manner :  The  moulds  should  be  filled 
with  the  paste  as  soon  as  it  is  thoroughly  mixed  and  tempered,  the  material 
pressed  in  firmly  with  the  fingers  and  smoothed  off  with  a  trowel  without 
ramming;  the  material  should  be  heaped  up  on  the  upper  surface  of  the 
mould  and  in  smoothing  off,  the  trowel  should  be  drawn  over  the  mould 
in  such  a  manner  as  to  exert  a  moderate  pressure  upon  the  excess  material. 
The  mould  should  then  be  turned  over  and  the  operation  repeated  upon  the 
other  side. 

*(3.)  Briquettes  for  twenty-four  hour  tests  shall  be  allowed  to  set 
one  hour  in  air  and  remainder  of  period  in  water. 

(4.)  Briquettes  for  seven  and  twenty-eight  day  tests  shall  be  allowed 
to  set  one  day  in  moist  air  and  remainder  of  period  in  water. 

*(5.)  All  briquettes  are  to  remain  in  the  water  until  they  are  placed 
in  the  testing  machine. 

*(6.)  Neat  twenty- four  hour  tests  shall  not  show  less  than  125 
pounds  per  square  inch.  Neat  seven  day  tests  shall  not  show  less  than 
400  pounds  per  square  inch.  Neat  twenty-eight  day  tests  shall  not  show 
less  than  500  pounds  per  square  inch,  nor  less  than  25  per  cent,  above 
the  seven  day  test. 

Specific  Gravity.  The  specific  gravity  determined  upon  dried  cement 
which  has  passed  through  a  No.  100  sieve  shall  not  be  less  than  3.10  nor 
more  than  3.30.  The  specific  gravity  can  be  conveniently  and  accurately 
determined  by  the  use  of  Le  Chatelier's  apparatus  as  recommended  by  the 
Committee  on  uniform  tests  of  cements. 


*See  amendment.?  page  395. 
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*Chemical.  Chemical  analyses  should  show  not  more  than  3.5  per 
cent,  of  magnesia,   nor  more  than  1.75   per  cent,   of  sulphuric   anhydride. 

Uniformity.  If  in  the  tests  of  any  given  brand  of  cement,  any  sudden 
irregular  or  wide  variation  from  its  normal  action  is  found,  it  should  be 
withheld  from  use  until  more  extended  tests  shall  have  demonstrated  its 
reliability. 

CONCLUSIONS.* 

In  conclusion  your  Committee  recommends : 

1.  That  the  definitions  of  Masonry  terms  be  adopted  by  the  Associa- 
tion. 

2.  That  the  specifications  for  Portland  and  Natural  cements  be 
adopted  by  the  Association  and  used  by  its  members  as  their  standard 
specifications  until  such  time  as  proper  investigation  indicate  a  change  to 
be  desirable. 

3.  That  the  specifications  for  concrete  be  adopted  as  standard  by  the 
Association. 

Respectfully  submitted, 

H.  G.  Kelley,  Chief  Engineer,  Minneapolis  &  St.  Louis  Railwa3\  Minne- 
apolis, Minn.,  Chairman  ; 

W.  L.  Breckinridge,  Chief  Engineer,  Chicago,  Burlington,  &  Quincy  Rail- 
road, Chicago,  111.,  Vice-Chair  man; 

E.  C.  Brown,  Engineer  Maintenance  of  Way,  LTnion  Railroad,  Port  Perry, 
Pa.; 

M.  W.  CooLEY,  Consulting  Engineer,  Boston,  Mass., 

John   De.\n,   Consulting   Engineer,    St.   Louis,   Mo. ; 

C.  F.  W.  Felt,  Chief  Engineer,  G.  C.  &  S.  F.  Railway,  Galveston,  Tex. ; 

W.  E.  HoYT,  Consulting  Engineer,  Rochester,.  N.  Y. ; 

C.  Lewis,  Civil  Engineer,  New  York,  N.  Y. ; 

G.    F.   SwAiN,    Prof,   of  Civil    Engineering,    Mass.    Inst,    of   Technology, 
Boston,  Mass. ; 

Committee. 

AMENDMENTS  TO  REPORT  ON  MASONRY. 

Portland  Cement. — A  product  of  the  mixture  of  clay  and  lime-car- 
bonate in  definite  proportions,  calcinated  at  a  high  temperature  and  after- 
wards reduced  to  a  fine  powder.  It  possesses  the  quality  of  hardening 
either  in  air  or  under  water  when  mixed  into  paste. 

Consistency. — The  concrete  shall  be  of  such  consistency  that  when 
dumped  in  place  it  will  not  require  much  tamping.  It  shall  be  spaded 
down  and  tamped  sufficiently  to  level  ofif,  and  will  then  quake  freely, 
like  jelly. 

*See  amendments  page  395. 
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Weight. — One  barrel  shall  contain  not  less  than  300  pounds  of 
cement.  (West  of  the  Alleghany  Mountains  this  may  he  265  pounds.) 
Three  paper  sacks  or  two  jute  sacks  of  cement  shall  be  equivalent  in 
weight  to  one  barrel. 

Set.  (2.)  Final  set  shall  not  occur  in  less  than  forty-five  (45)  min- 
utes nor  more  than  four  hours. 

(3.)  Briquettes  for  twenty-four  hour  tests  shall  remain  in  moist  air 
until  final  set  has  occurred,  then  be  placed  in  water  for  the  remainder  of 
the  period. 

Defined. — Portland  cement  is  a  product  of  the  mixture  of  clay  and 
lime-carbonate  in  definite  proportions,  calcinated  at  a  high  temperature 
and  reduced  to  a  fine  powder. 

(3.)  All  samples  should  be  passed  through  a  sieve  having  twenty 
meshes  per  linear  inch,  in  order  to  break  up  lumps  and  remove  foreign 
material.  For  determining  the  characteristics  of  a  carload  of  cement 
the  individual  samples  may  be  mixed  and  the  average  tested ;  where 
time  will  permit,  however,  each  sample  will  be  tested   separately. 

(3.)  Briquettes  for  twenty-four  hour  tests  shall  be  allowed  to  set 
twenty-four  hours  in  moist  air. 

(5.)  All  briquettes  are  to  remain  in  the  water  until  they  are  placed 
in  the  testing  machine,   except  in  the   case   of  twenty-four-hour  tests. 

(6.)  Neat  twenty-four-hour  tests  shall  not  show  less  than  125  pounds 
per  square  inch.  Neat  seven-day  tests  shall  not  show  less  than  400  pounds 
per  square  inch.  Neat  twenty-eight-day  tests  shall  not  show  less  than  500 
pounds  per  square  inch,  and  should  show  at  least  10  per  cent,  increase 
above  the  seven-day  tests. 

Chemical. — Chemical  analyses  should  show  not  more  than  5  per  cent, 
of  magnesia,  nor  more  than  1.75  per  cent,  of  sulphuric  'anhydride. 

Conclusions. — In   conclusion  your   Committee   recommends : 

(i.)  That  the  definition  of  masonry  terms  be  received  as  information 
and   a  progress  report. 

(2.)  That  the  specifications  for  Portland  and  natural  cements  be 
adopted  by  the  Association  as  a  recommended  provisional  standard. 

(3.)  That  the  specifications  for  concrete  be  received  as  information 
and  a  progress  report. 

Mr.  H.  G.  Kelley  (Minneapolis  &  St.  Louis)  : — In  presenting 
the  report  of  the  Committee  on  INIasonry,  the  Committee  takes 
it  for  granted  that  the  historical  preface  be  omitted.  The  next 
item  in  order  is  the  "Theory  of  Concrete,"  which  is  the  argument 
requested  by  the  Board  of  Direction.  I  beHeve  that  until  further 
on  in  the  discussion  we  can  profitably  leave  that  portion  out. 
In  presenting  the  definitions  of  masonry  terms,  tlie  Committee 
has  somewhat  enlarged  upon  the  number,  and  has  added  many 
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that  are  not  contained  in  this  particular  annual  report ;  but  we 
did  it  for  the  reason  that  preliminary  to  the  making  of  a  specifi- 
cation it  is  necessary  that  the  meaning  of  the  terms  specified 
shall  be  distinctly  understood,  and  the  Committee  has  taken 
the  stand  that  we  should  eliminate  from  railroad  specifications 
the  ordinary  terms  that  have  existed  for  centuries,  of  "rubble," 
"ashlar,"  and  other  masonry  of  that  class,  and  confine  it  spe- 
cifically to  "first-class,"  "second-class,"  "third-class"  and  "fourth- 
class"  masonry;  therefore,  the  definitions  have  contained  the 
various  terms,  and  we  ask,  if  these  terms  be  discussed  at  all,  it 
be  by  written  discussion,  in  order  to  save  the  time  of  this  Asso- 
ciation. This  would  lead  us  directly  to  the  two  specifications. 
In  the  original  draft  of  the  Committee  we  place  the  specifications 
in  the  following  order :  Portland  cement,  natural  cement  and 
Portland  cement  concrete.  We  believe  that  is  the  natural  order 
in  which  the  specification  should  be  taken  up.  Before  specifying 
the  concrete,  we  should  certainly  decide  upon  the  basic  principle 
of  that  cement.  Having  decided  upon  that,  we  can  then  pro- 
ceed to  concrete.  I  therefore  will  ask  the  Association  to  take 
up  the  specifications  for  Portland  cement  item  by  item,  as  we 
look  upon  that  as  a  very  important  matter.  And  we  desire  to 
preface  the  discussion  by  saying  that  these  are  provisional  spe- 
cifications only.  The  American  Society  of  Civil  Engineers,  to- 
gether with  a  committee  of  the  International  Association  for 
Testing  Materials  and  the  manufacturers  of  Portland  cements, 
have  at  the  present  time  a  committee  to  determine  the  uniform 
tests  of  cement.  Their  investigations  are  conducted  in  a  very 
thorough  manner,  and  they  have  a  very  wide  field  of  information 
from  which  to  draw,  and  in  examining  one  of  the  reports  of  this 
joint  committee,  the  Committee  on  Masonry  finds  so  much  that 
is  admirable,  and  nothing  that  can  really  be  criticised,  that  we 
have  adopted  it,  merely  changing  it  into  the  form  of  a  specifica- 
tion, in  place  of  a  disquisition  upon  testing. 

At  the  time  of  sending  our  specifications  to  the  Secretary 
of  this  Association,  I  took  the  precaution  of  sending  copies  of 
the  specifications  to  the  various  members  of  the  joint  committee 
on  uniform  tests,  asking  for  a  full  and  free  criticism  of  every- 
thing we  propose  to  print,  but  I  suppose,  like  the  balance  of 
us,  they  are  ver)^  busy  men,  and  I  have  only  one  reply,  which  is 
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from  S.  B.  Newberry,  manager  of  the  Sandusky  Portland  Cement 
Company,  of  whom  most  of  the  members  have  heard  in  con- 
nection with  his  various  writings  on  cement  and  concrete,  and 
as  we  proceed  in  taking  up  these  various  items  of  the  report,  I 
will  call  attention  to  the  remarks  of  Mr.  Newberry,  some  of  which 
are  admirable.  In  the  first  place,  we  offer  as  a  definition  for 
Portland  cement  the  following:  ''Portland  cement  is  a  product 
of  the  mixture  of  clay  and  limestone  in  definite  proportions, 
calcinated  at  a  high  temperature  and  reduced  to  a  fine  powder." 
Mr.  Newberry  remarks  that  he  would  recommend  the  term  "lime 
carbonate"  in  place  of  "limestone,"  for  the  reason  that  a  large 
amount  of  cement  is  made  from  chalk  or  marl  and  clay.  I  be- 
lieve the  Committee  will  be  willing  to  adopt  the  change  to  "lime 
carbonate,"  instead  of  "limestone."  With  this  introductory,  I 
would  ask  the  chairman  to  have  the  meeting  take  up  the  matter 
item  by  item,  and  let  us  have  a  full  and  free  discussion. 

The  President : — I  do  not  know  of  any  report  that  will  result 
in  more  direct  benefit  to  the  Association  than  the  report  on 
Masonry,  and  I  would  like  to  emphasize  the  remarks  of  Mr. 
Kelley  in  so  far  as  they  call  for  a  full  and  free  discussion.  The 
first  item  before  us  is  the  definition  of  Portland  cement,  and 
the  suggestion  that  "lime-carbonate"  be  used  in  place  of  "lime- 
stone." 

Mr.  C.  S.  Churchill  (Norfolk  &  Western)  :— I  do  not  quite 
understand  the  statement  as  to  these  specifications,  and  upon 
what  they  are  based.  I  understand  the  chairman  of  the  Com- 
mittee to  say  the  Committee  had  adopted  the  report  of  some  joint 
committee. 

]\Ir.  Kelley : — I  said  that  the  Committee,  had  adopted  the 
recommendations  of  the  joint  committee  upon  uniform  tests,  in 
so  far  as  the  method  of  testing  was  concerned.  That  committee 
has  made  no  further  report. 

A/Jr.  Churchill : — I  was  going  to  refer  to  the  meeting  at  At- 
lantic City  of  the  Association  for  Testing  Materials.  There  was 
a  discussion  there  on  the  testing  of  cement  and  specifications 
for  cement.  Mr.  Lesley  brought  out  the  fact  that  there  are  about 
100  specifications,  and  in  the  discussion  it  was  conceded  by  the 
manufacturers  present  that  the  United  States  government  spe- 
cifications really  covered  nearlv  all  the  items  that  all  the  other 


398  PROCEEDINGS    OF    THE 

specifications  did.  and  it  seemed  to  be  the  consensus  of  opinion 
at  that  meeting  that  the  United  States  government  specifications 
were  very  good  ones.  He  did  not  go  any  further  than  this,  but 
made  that  suggestion.  He  did  hope,  however,  that  the  com- 
mittee would  take  up  this  matter.  He  said  that  he  had  the  entire 
wall  of.  his  office  plastered  over  with  cement  specifications.  I 
am  just  on  the  point  of  having  a  revised  specification  printed 
myself.  I  think  I  shall  wire  to  have  it  held  for  a  day  or  two.  I 
want  the  government  specifications  with  the  boiling  test  added. 
The  government  specification  does  not  provide  a  boiling  test. 

The  President: — If  there  is  no  objection  to  the  definition 
of  Portland  cement,  it  will  stand  approved.  The  next  paragraph 
is  "Packages."     Is  there  any  objection  to  that? 

Mr.  Kelley: — I  possibly  can  assist  a  little  in  the  discussion, 
and  perhaps  make  it  somewhat  clearer  to  Mr.  Churchill,  by  stating 
that  the  Committee,  in  preparing  the  specifications,  had  before  it 
a  number  of  others,  including  the  latest  United  States  specifica- 
tions, and  Mr.  Lesley's  remarks,  and  also  Prof.  Swain's,  who 
is  a  mem.ber  of  the  joint  committee,  and  he  gave  his  unqualified 
approval  to  the  specifications  as  they  are  printed,  with  the  under- 
standing that  we  make  it  perfectly  clear  that  they  are  provisional 
and  subject  to  change    as  our  information  increases. 

(There  being  no  objection  to  the  paragraphs  on  "Weight," 
"Condition,"  "Storage,"  "Rejection,"  "Tests,"  or  the  first  two 
paragraphs  under  "Sampling,"  they  were  approved.) 

Mr.  Kelley: — I  desire  to  say  in  respect  to  one  of  the  features 
of  item  No.  3,  under  the  head  of  "Sampling,"  that  it  does  not 
represent  the  recommendation  of  the  Committee  as  a  usual  prac- 
tice, that  is,  the  following  words :  "For  determining  the  char- 
acteristics of  a  shipment  of  cement,  the  individual  samples  may 
be  mixed  and  the  average  tested."  We  do  not  recommend  that, 
but  admit  it  as  possible,  and  not  conflicting  with  good  practice 
where  absolutely  necessary  to  proceed  with  the  work  without 
holding  it  for  individual  samples  from  the  packages. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St. 
Louis)  : — I  notice  that  the  Committee  provides  for  passing  the 
cement  through  a  sieve.  It  seems  to  me  that  some  provision  by 
which  we  could  reject  the  cement  if  too  nuich  were  left  on  the 
sieve,  showing  that  it  had  been  dampened,  would  be  a  good  idea ; 
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in  other  words,  it  is  frequently  a  question  whether  cement  has 
been  allowed  to  get  too  damp.  You  can  break  these  lumps  up 
with  your  hand  and  shove  them  through  the  sieve,  and  it  seems 
to  me  the  test  should  be  to  sift  the  cement  on  the  sieve  without 
forcing  it  through,  and  if  a  certain  proportion  were  left  on  it, 
the  cement  should  be  condemned  without  any  further  testing. 

Mr.  Kelley: — Any  method  of  sampling  which  would  enable 
the  operator  to  force  the  cement  through  the  sieve  is  not  good 
sampling.  It  is  not  a  good  method  and  should  not  be  followed. 
We  have  provided  for  damages  in  the  general  items.  In  this 
we  simply  desire  to  withhold  from  the  real  test  for  fineness  which 
follows  any  small  particles  which  may  have  stuck  together,  and 
that  particular  paragraph  is  the  recommendation  of  the  joint 
committee,  and  also  is  almost  exactly  word  for  word  the  United 
States  government  engineers'  specification,  although  we  have 
recognized  that  the  other  method  would  be  usually  improper  and 
would  not  be  a  fair  test. 

Mr.  McDonald : — Under  the  head  of  "Condition,"  the  Com- 
mittee states  that  all  cement  shall  be  delivered  in  sound  pack- 
ages, undamaged  by  moisture  or  other  causes.  The  only  point 
I  want  to  cover  is  something  to  enable  you  to  determine  whether 
it  has  been  damaged.  A  mere  inspection  of  it  is  not  always  suffi- 
cient. If  a  certain  residuum  were  left  on  the  sieve,  and  would 
not  pass  through  without  pressing,  it  would  indicate  the  cement 
had  been  dampened.  It  seenis  to  me  we  should  have  a  method 
of  determining  that  without  relying  on  anyone's  judgment. 

Mr.  E.  H.  Lee  (Chicago  &  Western  Indiana)  : — Any  method 
of  securing  the  samples  would  probably  not  disclose  the  actual 
condition  of  all  the  cement  in  the  sack.  It  would  seem  as  if  the 
actual  condition  of  the  cement  would  have  to  be  judged  as  a 
whole.  The  inspector,  in  securing  a  sample,  would  doubtless 
secure  it  where  he  could  introduce  his  instruments.  If  there 
was  any  considerable  quantity  of  damaged  cement  in  the  sack, 
it  would  be  thrown  out  on  mere  inspection.  I  would  like  to  ask 
for  some  inform.ation  from  the  members  as  to  what  the  practice 
has  been  in  sampling  cement  in  bins.  That  is  a  method  which 
it  would  seem  we  shall  have  to  come  to  more  and  more — secur- 
ing a  supply  and  storing  it  at  the  mills,  and  sampling  the  same 
in   advance,   in  order  that  the  proper  quantity   may  be    secured 
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to  prevent  delays  to  large  work.  If  some  of  the  members  have 
had  experience  in  that  line,  I  would  like  to  obtain  an  expression 
as  to  just  what  the  process  it. 

Mr.  J.  B.  Berry  (Union  Pacific)  : — If  the  Committee  does 
not  believe  in  the  latter  part  of  section  3,  why  do  they  not  cut 
it  out?  Air.  Kelley's  explanation  was  that  they  put  it  in  there, 
but  do  not  believe  in  it.  It  seems  to  me  bad  practice  to  take  an 
average  of  a  large  shipment  of  cement  and  make  a  test  of  it. 
It  ought  not  to  be  done  in  that  way ;  each  single  shipment  should 
be  tested  separately.  As  to  Mr.  Kelley's  statement,  it  might 
delay  the  cement  in  the  yard,  but  after  a  one-day  test  you  can 
ship  the  cement  forward,  and  by  the  time  it  reaches  its  destina- 
tion, you  may  have  a  seven-day  test.  If  the  Committee  does  not 
believe  in  the  latter  part  of  the  paragraph,  we  should  change  it. 
I  make  a  motion  to  cut  out  that  part  of  the  paragraph,  "for 
determining  the  characteristics  of  a  shipment  of  cement,  the  indi- 
vidual samples  may  be  mixed  and  the  average  tested." 

Mr.  Kelley: — The  Committee  is  perfectly  willing  to  accept 
that.  It  was  put  in  after  some  argument  and  in  deference  to 
the  United  States  engineers'  specifications  containing  the  same 
clause. 

The  President : — The  term  "shipment"  is  indefinite. 

Mr.  Berry : — It  might  be  specified  that  a  shipment  shall  be 
taken  to  be  250  barrels  of  cement,  or  its  equivalent  in  sacks.  On 
the  Union  Pacific  road  it  is  received  in  carloads. 

Mr.  Kelley : — If  we  eliminate  the  greater  part  of  lines  3, 
4,  and  half  of  line  5,  the  third  item  would  read  in  this  way :  "All 
samples  should  be  passed  through  a  sieve  having  20  meshes  per 
linear  inch,  in  order  to  break  up  lumps  and  remove  foreign  ma- 
terial.   Each  sample  will  be  tested  separately." 

Mr.  Berry: — What  do  you  mean  by  sample? 

Mr.  Kelley: — Take  item  No.  i.  I  think  that  meets  your 
objection. 

Mr.  Lee : — Item  No.  i  would  seem  to  indicate  that  shipments 
are  made  in  barrels ;  at  least  the  last  sentence  would  do  so,  which 
says :  "At  least  one  barrel  in  every  ten  should  be  sampled." 
If  the  shipment  is  made  in  some  other  form,  or  the  cement  is 
tested  before  it  has  been  sacked  or  barreled,  we  will  have  in  this 
general   direction   for  sampling  no   guide  as   to   the   method   of 
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sampling  larger  quantities  of  cement.  I  think  some  such  guide 
should  be  furnished  by  the  Association  as  to  sampling  of  that 
character. 

Mr.  Kelley : — I  would  refer  Mr.  Lee  to  the  specification  for 
packages  and  the  specifications  for  weight.  These,  taken 
together  with  items  Nos.  i  and  3,  for  sampling,  I  believe,  meet  the 
objection  of  the  different  speakers. 

The  President : — Air.  Lee  brought  up  one  point — the  sam- 
pling in  bulk  or  bins.  That  does  not  seem  to  have  been  provided 
for  by  the  Committee,  and  while  Mr.  Lee  said  that  process  of 
sampling  in  bulk  or  bins  was  being  done  more  and  more,  we 
find  it  is  being  done  less  and  less.  We  can  not  this  year  get 
any  manufacturer  of  cement  to  store  a  bin  for  us  for  love  or 
money.  I  still  think  it  would  be  a  proper  thing  for  these  specifi- 
cations to  provide  in  some  way  for  sampling  in  bulk. 

Mr.  Lee : — The  condition  suggested  by  the  chairman  is 
doubtless  temporary.  Such  a  superficial  investigation  as  I  have 
been  able  to  give  to  the  subject  leads  me  to  believe  that  the  prac- 
tice is  gaining  in  vogue ;  that  certain  manufacturers  are  already 
considering  the  question  of  putting  in  storage  tanks  with  a  view 
of  nieeting  just  the  condition  which  exists  at  the  present  time,  of 
being  able  to  give  customers  large  quantities  of  cement,  which 
they  can  sample  ahead  of  shipment,  and  which  they  can  be  cer- 
tain is  of  such  character  as  is  necessary  to  meet  their  needs. 

The  President : — Has  the  Committee  given  any  thought  or 
consideration  to  the  testing  in  bulk,  and  has  it  any  recommenda- 
tions to  make? 

Mr.  Kelley: — I  will  say  I  have  considered  it,  but  the  Com- 
mittee did  not  discuss  it,  as  it  was  rather  an  uncertain  factor,  and 
we  are  certainly  not  presented  with  such  a  condition  this  year. 
Therefore  the  Committee  did  not  take  it  up  for  discussion. 

Mr.  H.  W.  Parkhurst  (Illinois  Central)  : — I  think  we  are 
making  a  mistake  in  cutting  out  the  provision  of  getting  an 
average  test  of  a  shipment  of  cement.  If  we  test  individual 
samples  we  get  our  idea  of  the  total  shipment  by  averaging  the 
samples.  Why  not  just  as  well  mix  the  cement  together  and  make 
a  test  of  the  average  ?  I  think  it  is  a  good  way  to  get  an  average 
idea  of  the  cement,  and  not  the  test  on  which  the  cement  shall 
be  accepted  or  rejected. 

2G 
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Prof.  W.  D.  Pence  (Purdue  University)  : — But  some  may 
object  to  taking  the  average  of  several  results,  on  the  ground  that 
it  may  not  be  fairly  representative.  In  a  v^ell-known  series  of 
specifications,  issued  not  long  ago  by  the  army  engineers,  it  v^ras 
provided  that  the  highest  value  should  be  taken.  _ 

Mr.  Churchill : — Is  not  that  the  result  of  the  test  and  not  the 
samples  ? 

Prof.  Pence : — I  was  talking  to  the  point  which  Mr.  Park- 
hurst  made  as  to  the  fact  that  you  averaged  the  results  in  the 
end,  he  proposing  that  the  samples  be  averaged  before  molding. 

The  President : — The  Committee  has  modified  the  clause, 
and  it  is  the  modified  clause  we  are  discussing.  Is  that  modified 
clause  satisfactory? 

Mr.  Parkhurst : — I  think  it  is  immaterial,  to  a  certain  extent, 
whether  it  is  modified  or  not. 

^Ir.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  :— It 
seems  to  me  the  clause  as  printed  will  best  suit  many  large  con- 
sumers of  cement.  Speaking  for  my  own  case,  during  the  past 
two  seasons  I  have  used  large  amounts  of  cement,  and  have  been 
obliged  to  test  and  to  accept  it  or  reject  it  by  the  carload.  I  had 
samples  taken  promiscuously  throughout  the  load,  mixed  them 
and  tested  them,  and  that  was  all  there  was  time  to  do.  The 
paragraph,  as  has  been  stated,  does  not  obligate  anyone  to  inspect 
a  carload  or  any  larger  shipment  of  cement  on  the  basis  of  mixing 
a  lot  of  samples  ;  it  simply  gives  that  option,  with  the  provision  that 
where  time  will  permit  each  sample  shall  be  tested  separately,  so 
that  it  strikes  me  the  paragraph  as  it  was  can  very  well  be  allowed 
to  stand.    I  move  that  it  be  allowed  to  stand. 

(The  motion  was  carried.) 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  still  think  we  should 
have  some  restriction  as  to  what  constitutes  a  shipment,  now  that 
we  have  returned  to  that  paragraph.  It  might  refer  to  a  shipload 
or  to  a  carload,  and  I  would  like  the  Committee  to  make  a  sugges- 
tion as  to  what  they  would  insert  to  define  the  meaning  of  "ship- 
ment." I  move  that  the  word  "shipment"  be  stricken  out  and  the 
word  "carload"  be  substituted. 

(The  motion  was  carried.) 

The  President : — The  question  of  "Fineness"  is  now  under 
discussion. 
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]\rr.  Kelley : — It  would  be  proper,  I  believe,  on  the  question 
of  fineness,  to  give  the  evidence  for  and  against  the  percentage  of 
cement  which  would  pass  through  a  No.  loo  standard  sieve.  The 
Committee  adopted  94  per  cent.,  believing  that  by  such  a  percent- 
age we  would  insure  a  higher  grade  of  material  than  we  could 
secure  by  lowering  the  percentage.  In  the  latest  specifications  of 
the  United  States  engineers  they  say : 

"The  degree  of  fineness  prescribed  in  these  specifications  (92 
per  cent.)  for  Portland,  through  a  sieve  of  10,000  meshes  to  the 
square  inch,  is  quite  commonly  attained  in  high-grade  American 
cements,  but  rarely  in  imported  brands.  On  the  Pacific  Coast, 
where  foreign  cements  only  are  in  the  market,  this  requirement 
may  be  lowered  for  the  present  to  87  per  cent,  on  No.  100  sieve." 
Mr.  Newberry,  who  is  a  member  of  the  joint  committee  on  uni- 
form tests,  and  also  a  manufacturer,  writes :  "To  require  94  per 
cent,  through  No.  100  would  exclude  practically  all  foreign  and 
some  of  the  best  American  Portland  cements.  Would  recommend 
a  requirement  of  92  per  cent."  The  Committee's  personal  obser- 
vation in  the  records  it  could  obtain  were  that  94  per  cent,  could 
be  obtained  from  our  American  manufacturers,  and  that  if  an 
engineer  was  using  a  foreign  cement,  he  would  be  at  liberty  to 
lower  the  percentage.  I  would  add  further,  that  we  have  adopted 
the  sieve  recommended  by  the  joint  committee  on  uniform  tests. 
If  any  of  the  members  wish  to  know  what  a  cement  is  that  will 
pass  through  a  No.  100  sieve,  here  is  a  sample.  That  cement  has 
been  dried,  passed  through  the  sieve  in  the.  ordinary  manner  by 
putting  a  pan  under  the  sieve  and  a  cover  on  top  of  it  and  shaking 
the  sieve,  and  nothing  but  that  which  will  fall  through  by  gravity 
passes  through.  There  is  a  sample,  and  you  can  judge  precisely 
what  you  are  voting  for. 

The  President : — The  question  of  fineness  is  such  an  im- 
portant one,  that,  instead  of  exercising  the  prerogative  of  the  chair 
and  ruling  that  in  the  absence  of  objections  the  paragraph  would 
be  considered  as  passed,  I  will  have  the  actual  vote  of  the  Associa- 
tion. In  the  absence  of  further  discussion,  I  will  ask  those  in 
favor  of  accepting  the  recommendation  as  to  fineness  to  signify 
the  same  by  saying  aye. 

(The  paragraph  on  "Fineness"  was  adopted.) 

^Ir.  A\'.  B.  Storey,  Jr.  (Atchison,  Topeka  &  Santa  Fe)  : — We 
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have  been  taking  a  large  amount  of  cement  from  one  works  dnring 
the  last  year  and  find  it  difficult  to  get  anywhere  near  94  per  cent., 
and  I  do  not  recall  a  single  sample  turning  in  as  high  as  94  per 
cent.  While  some  reach  as  high  as  92  per  cent.,  it  is  commonly 
90  per  cent.  We  get  good  results  and  an  excellent  test,  and  are 
satisfied  the  test  is  in  every  way  a  good  one,  and  I  should  be 
satisfied  if  the  requirement  was  made  90  per  cent.  Our  inspector 
says  he  can  get  a  higher  test  for  fineness  if  he  allows  the  cement 
to  be  more  thoroughly  dried,  but  taking  the  cement  and  making 
the  tests,  as  we  generally  do,  soon  after  the  cement  is  put  out  of 
the  factory,  he  claims  we  do  not  get  as  fine  a  cement  as  if  the  test 
was  made  a  few  days  after. 

Mr.  Berry: — We  compiled  a  statement  on  December  31st  of 
the  various  cements  used  last  year,  both  American  and  foreign 
Portland,  and  among  them  was  the  cement  Mr.  Storey  refers  to. 
In  every  respect  it  filled  our  requirements  equal  to  the  best  of  the 
twelve  tests,  but  we  had  the  same  difficulty,  and  I  do  not  believe 
}0u  could  get  it  through  any  smaller  size  mesh  than  Mr.  Storey 
speaks  of.  That  was  our  experience,  and  the  cement  gave  ex- 
cellent results  in  every  other  way. 

Mr.  Loweth : — I  voted  against  94  per  cent,  because  I  believe 
it  is  unnecessarily  high,  and  much  in  excess  of  the  average  fine- 
ness we  are  getting  to-day.  I  do  not  believe  that  any  brand  of 
cement  now  on  the  market  is  ground  to  94  per  cent,  fineness, 
unless  it  is  a  special  product  of  the  manufacturer  made  for  some 
special  contract.  I  doubt  if  the  average  commercial  product 
would  run  as  high  as  92  per  cent.  If  we  should  insist  on  94  per 
cent,  fineness,  it  will  at  the  outset  result  in  many  rejections,  and 
in  paying  an  unnecessarily  high  price  for  the  material.  I  believe 
we  can  get  thoroughly  good  results  from  cement  at  90  per  cent, 
fineness,  but  as  a  compromise  would  like  to  have  the  specifications 
require  not  over  92  per  cent. 

Mr.  Churchill : — I  voted  for  94  per  cent.,  because  I  under- 
stood that  was  the  government  specification. 

Mr.  Kelley: — No;  92  per  cent,  is  the  government  specifica- 
tion. The  Committee  wanted  discussion  on  this  point.  We  had 
no  desire  to  put  it  94  per  cent.,  and  desired  a  discussion  by  the 
members  of  the  Association  to  obtain  the  result  of  their  experi- 
ence. 
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]\Ir.  W.  L.  Breckinridge  (Chicago,  Burlington  &  Quincy)  : — 
In  making  our  cement  specifications  last  year,  the  question  of 
fineness  came  up,  and  we  entered  into  correspondence  with  many 
cement  companies,  and  not  one  offered  any  objections  to  furnish- 
ing cement  as  high  as  94.  We  have  all  cement  tested  at  our 
laboratory,  and'  I  do  not  think  any  was  rejected  on  account  of 
94  per  cent,  fineness.  It  is  desirable  in  getting  good  cement  to 
have  the  percentage  of  fineness  as  high  as  possible.  If  the 
manufacturers  are  willing,  as  they  were  last  year,  to  furnish  it 
at  94  per  cent.,  we  should  keep  that  percentage. 

The  President : — It  occurs  to  me  there  is  no  question  whether 
or  not  it  is  better  to  have  94  per  cent,  fine  than  to  have  92  per 
cent,  or  90  per  cent.,  but  the  commercial  phase  of  the  problem  is 
brought  up,  and  I  know  in  one  case  there  was  a  difference  of  15 
cents  per  barrel  between  having  the  cement  95  fine  and  92  fine. 
Ninety-five  fine  has  been  the  specification  for  the  Big  Four  for 
the  last  two  years.  There  was  no  statement  on  the  part  of  manu- 
facturers that  they  could  not  make  the  95  per  cent,  fine  cement. 
It  was  a  question  of  price ;  it  would  not  pay  them  to  make  the 
cement  unless  they  got  a  price  accordingly,  and  in  the  condition 
of  the  cement  market  in  the  vicinity  of  our  road  it  was  com- 
mercially impossible  to  get  it  as  we  most  desired  it. 

We  will  now  take  up  the  specifications  under  "Set." 

'Sir.  T.  L.  Condron  (Consulting  Engineer)  : — I  ask  if  the 
initial  set  is  to  be  made  on  a  sample  of  a  mixture  or  on  a  sepa- 
rate sample?  On  20,000  barrels  of  cement  that  we  have  tested 
during  the  past  year,  we  were  required  to  make  a  record. of  the 
initial  set  for  every  sample,  30  samples  being  taken  from  each 
carload.  In  addition  to  these  tests,  a  test  for  initial  set  was 
made  on  a  pat  made  up  from  a  mixture  of  all  the  samples.  A 
very  wide  variation  in  the  time  of  set  was  found  in  the  several 
samples  from  each  car.  Often  these  initial  sets  vary  from  10 
minutes  to  more  than  an  hour,  while  the  initial  sets  on  the  mix- 
tures ran  quite  uniformly  on  all  the  cement.  I  inquire,  what  is 
the  intention  in  this  paragraph? 

]\Ir.  Kelley : — The  Committee  would  refer  to  item  3,  under 
sampling,  the  paragraph  which  was  passed  on  and  reconsidered. 
I  believe  I  express  the  sense  of  the  Committee. 

Mr.    Condron : — I   believe   that   paragraph   will    condemn   a 
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great  deal  of  very  excellent  cement,  from  my  experience  with  the 
large  amount  of  cement  I  refer  to.  It  would  have  condemned  a 
great  deal  of  that  cement  if  the  test  had  set  at  20  minutes,  and 
the  cement  has  been  used  and  proven  to  be  excellent  in  all 
respects. 

The  President : — Is  there  any  discussion  on  paragraph  2, 
final  set?    There  seems  to  be  none. 

We  will  now  take  up  paragraph  3,  as  to  the  method  of  de- 
termining the  time  of  setting. 

Mr.  Kelley : — In-  explanation  of  paragraph  3,  the  Committee 
recommends  the  abandoning  of  the  use  of  the  Gilmore  needle  and 
adopting  the  recommendation  of  the  joint  committee,  that  the 
time  of  setting  shall  be  determined  by  means  of  the  Vicat  needle 
apparatus.  I  thought  it  wise  to  bring  one  of  the  machines  here, 
so  that  everyone  could  see  what  we  are  recommending.  This 
machine  was  first  brought  to  public  notice  in  1886,  at  the  Munich 
conference  of  German  engineers  and  cement  manufacturers.  The 
objections  to  the  Gilmore  needle  are  two.  The  first  is  the  matter 
of  personal  equation.  Most  of  the  members  know  it  is  simply  a 
wire  with  a  ball  near  the  lower  end,  and  that  is  put  on  the  cement 
to  determine  the  time  of  setting.  Drafts  of  warm  air  and  many 
local  conditions  over  which  we  have  no  control  would  possibly 
allow  the  cement  to  set  and  take  its  final  set  on  the  surface  before 
it  has  taken  its  set  in  the  body  of  the  cement,  and  this  Vicat  appa- 
ratus was  designed  to  overcome  that  objection.  I  will  read  item 
4  in  this  connection :  "Using  a  paste  composed  of  neat  cement 
and  water,  of  normal  consistency,  the  initial  set  is  said  to  have 
commenced  when  the  needle  ceases  to  pass  a  point  5  mm.  (0.20 
inches)  above  the  upper  surface  of  the  glass'  plate  in  the  Vicat 
apparatus,  and  is  said  to  have  terminated  the  moment  the  needle 
does  not  sink  visibly  into  the  mass." 

In  the  first  place,  in  connection  with  this  apparatus,  we  have 
here  a  perfectly  smooth  piece  of  plate  glass.  This  needle  goes 
down  and  actually  touches  the  glass  at  the  time  the  index  is  at 
zero.  The  rubber  ring  is  filled  with  the  cement  paste  and  is 
slipped  onto  the  glass  plate.  The  needle  is  lowered  gradually 
until  it  just  touches  the  cement,  and  then  it  is  released,  and  this 
weight  commences  slowly  to  go  down  through  the  cement.  As 
the  cement  hardens  inside  and  all  over,  the  gradual  hardening 
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and  gradual  increasing  of  friction  upon  the  needle  should  bring 
it  to  rest  0.2  inch  before  it  reaches  the  glass  plate.  If  it  brings 
it  to  rest  before  that,  the  cement  is  setting  too  quickly;  if  it 
allows  it  to  go  further  before  the  specified  time,  the  cement  is 
not  setting  fast  enough.  It  appears  to  the  Committee  that  it  is  a 
thoroughly  logical  method  of  testing  and  one  which  could  be 
adopted  with  benefit  in  our  methods  of  testing. 


VICAT  NEEDLE. 

Prof.  Pence : — I  would  ask  Mr.  Condron  whether  his  tests, 
where  he  had  the  wide  variations,  were  made  with  the  ordinary 
Gilmore  needle? 

Mr.  Condron : — They  were  made  with  the  ordinary  Gilmore 
needle. 

The  President : — I  ask  the  Committee  if  this  Vicat  needle 
can  be  generally  obtained  in  various  places  in  this  country?  Is 
it  an  article  of  merchandise? 

Mr.  Kelley : — I  would  answer  by  saying  yes.  I  went  to  the 
office  of  Fairbanks,  Morse  &  Co.  and  said  I  wished  the  Vicat 
apparatus,  to  use  in  the  presentation  of  the  report  of  this  Com- 
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mittee  before  the  Association.  They  took  this  apparatus  from 
among  their  samples.  This  particular  machine  is  manufactured 
in  Philadelphia,  and  is  a  regular  article  of  manufacture.  The 
price  is  somewhere  between  $25  and  $30  for  the  entire  outfit. 

Mr.  F.  W.  Ranno  (Southern  Indiana)  :— How  long  after 
the  cement  is  mixed  before  the  needle  test  is  applied? 

Mr.  Kelley : — As  soon  as  the  cement  is  mixed  this  cup  must 
be  filled  and  the  needle  applied  immediately. 

The  President: — Is  there  any  objection  to  paragraph  3? 
Does  this  Association  want  to  commit  itself  to  the  use  of  one 
machine,  although  others  might  be  developed  in  course  of  time 
equally  as  good?  Would  it  not  be  well  for  this  Association  to 
put  in  the  words  "or  equivalent"  after  "Vicat  needle  apparatus," 
bringing  up  the  question  that  Mr.  McGuigan  brought  up  in 
regard  to  the  signaling  matter?  If  we  recommend  this  par- 
ticular apparatus,  are  we  recommending  some  patented  device? 

Mr.  Kelley: — There  is  no  patent. 

Mr.  Parkhurst : — I  do  not  understand  it  is  patented  at  all. 
It  is  a  device  invented  by  a  French  savant,  who  presented  it  to 
the  public,  and  it  is  manufactured  by  a  good  niany  different  con- 
cerns.    It  is  not  a  patented  article. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — 
Inasmuch  as  there  is  a  good  deal  of  interest  in  the  machine,  I  sug- 
gest that  an  illustration  of  it  be  placed  in  the  Proceedings,  to 
accompany  Mr.  Kelley's  description  of  it. 

The  President : — Does  that  name  apply  to  this  particular 
machine,  made  as  it  is,  or  is  that  the  name  of  a  class  of  machines  ? 
I  confess  I  am  reluctant  to  attach  my  approval  that  holds  the 
Association  down  to  one  particular  make  of  machine.  I  think 
the  principle  is  wrong.  The  fact  is,  a  generic  name  applied 
to  a  class  of  particular  construction  would  not  have  the  same 
weight  as  if  it  were  applied  to  one  particular  machine. 

Prof.  Pence : — I  think  it  is  well  known  to  most  of  the  mem- 
bers that  the  Gilmore  needle  is  named  after  the  man  who  in- 
vented it ;  likewise  the  Vicat  needle  is  named  after  the  man  who 
introduced  it  in  European  practice,  and  it  has  no  competitor,  I 
believe,  in  this  country. 

The  President : — If  that  is  the  •  same  kind  of  machine  that 
the  Gilmore  needle  is,  I  see  no  objection  to  indorsing  it. 
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Mr.  Baldwin : — I  would  suggest  that  the  paragraph  be  made 
to  read,  "The  time  of  setting  shall  be  determined  by  means  of 
the  Vicat  needle,  or  some  similar  apparatus,"  and  let  it  stand  at 
that.  It  does  not  seem  necessary  to  quote  the  American  Society 
of  Civil  Engineers  one  way  or  the  other.  It  is  not  pertinent, 
and  the  amendment  proposed  gives  an  opening  for  some  other 
machine. 

Mr.  Breckinridge : — We  put  in  the  latter  part  of  the  sentence 
because  we  wanted  to  give  that  committee  the  credit  for  doing 
the  work.  We  do  not  want  to  assume  any  credit  for  recom- 
mending this  apparatus. 

Mr.  Kelley: — I  would  say  that  in  a  printed  specification 
it  would  be  entirely  proper  to  leave  these  words  out,  but  in  pre- 
senting this  particular  feature  of  the  specification  before  the  As- 
sociation we  thought  w^e  should  in  justice  mention  that  credit 
was  due  to  the  labors  of  the  joint  committee.  It  would  be  per- 
fectly proper  to  strike  it  out  in  the  case  of  a  printed  specification. 
As  it  stands  here,  it  is  merely  explanatory. 

Mr.  Loweth : — I  believe  it  should  stand  as  printed.  It  refers 
to  a  report  by  a  committee  of  the  American  Society  of  Civil 
Engineers,  which  contains  an  illustration  of  the  needle  and  per- 
haps half  a  page  of  descriptive  matter  as  to  the  method  of  using 
the  needle,  so  that  I  think  it  is  quite  proper  that  the  sentence 
should  stand  as  printed. 

The  President : — Mr.  Baldwin's  motion  was  not  seconded, 
and  consequently  no  action  will  be  taken  upon  it. 

Mr.  Parkhurst : — I  think  there  is  some  misapprehension  as 
to  the  intricacy  of  this  apparatus.  We  could  make  it.  It  is  a 
question  of  the  size  of  the  needle  and  the  weight  to  be  applied. 
That  form  of  it  is  manufactured  by  some  particular  person  who 
gives  it  the  name  of  the  Vicat  needle,  on  the  basis  of  the  original 
experiment  of  the  French  professor ;  but  there  is  nothing  to 
prevent  anyone  from  making  something  to  the  same  import, 
which  would  perform  the  same  service  at  a  greatly  less  cost. 

Mr.  Baldwin : — My  principal  reason  for  suggesting  the 
elimination  of  the  reference  to  the  American  Society  was  to 
bring  in  the  term  "or  similar"  between  the  words  "needle"'  and 
"apparatus."  As  they  refer  to  this  particular  instrument,  you 
could  not  retain  the  words  "or  similar"  and  still  retain  the  rec- 
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ommendation  of  the  committee  of  the  American  Society  of  Civil 
Engineers. 

Mr.  Kelley: — I  do  not  quite  understand  Mr.  Baldwin's  ref- 
erence. There  is  no  reference  to  the  person  who  made  that 
machine.  The  machine  is  simply  referred  to  under  the  name  of 
the  original  designer.  Everyone  uses  Gilmore's  needle.  We  make 
them  ourselves  in  our  own  shops. 

Mr.  Baldwin : — I  did  not  attempt  to  treat  it  as  a  patented 
article,  but  was  inclined  to  keep  the  Association  from  being  too 
hidebound  in  restricting  its  indorsement  to  a  single  device.  A 
similar  or  better  apparatus  might  be  invented.  It  might  be  one 
which  would  be  a  good  deal  cheaper.  If  so,  and  it  will  accom- 
plish the  samiC  results,  there  is  no  reason  why  it  should  not  be 
adopted. 

The  President : — With  the  introduction  of  the  words  "or 
similar,"  as  indicated  by  Mr.  Baldwin,  of  course  the  reference 
to  the  recommendation  of  the  American  Society  of  Civil  En- 
gineers would  not  be  applicable,  so  that  the  latter  part  of  his 
motion  follows  as  a  sequence  of  the  first  part.  I  do  not  know 
that  the  matter  is  important,  but  the  principle  involved  is  a  pretty 
good  one.  Mr.  Baldwin  would  have  the  paragraph  read :  "The 
time  of  setting  shall  be  determined  by  means  of  the  Vicat  needle 
or  similar  apparatus." 

Mr.  Loweth: — I  think  that  would  be  a  mistake.  I  think 
this  apparatus  is  not  patented ;  anyone  is  free  to  make  it.  When 
we  refer  to  the  Vicat  needle,  we  mean  an  instrument  of  certain 
definite  dimensions,  weight  and  form,  and  not  one  of  particular 
manufacture.  We  can  buy  it  of  two  different  manufacturers 
to-day.  The  apparatus  is  intended  for  the  making  of  a  very 
delicate  test,  to  a  certain  standard,  and  if  we  say  in  these  spe- 
cifications that  the  test  may  be  made  by  this  machine,  or  some 
similar  one,  we  open  the  way  for  large  variations  and  much  doubt 
and  confusion  in  the  results,  and  depart  from  this  idea  of  a  uni- 
form and  standard  method  of  making  tests. 

The  President: — Would  the  words  "or  equivalent"  be  better? 

Mr.  Storey : — I  submit  I  do  not  believe  you  are  using  a  term 
which  is  definite  when  5'ou  say  "similar."  By  using  the  term 
"Vicat,"  you  describe  this    process    as    the    process    by    which 
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yon  make  your  tests,  and  if  you  use  the  words  "or  similar,''  you 
put  in  words  that  do  not  belong  there. 

Prof.  Pence : — It  seems  to  me  this  is  the  time  to  find  common 
ground  with  other  associations  that  are  trying  to  keep  pace  with 
the  latest  progress  in  science  in  various  lines,  such,  for  example, 
as  we  have  in  the  matter  of  steel,  and  it  would  not  be  in  full 
accord  with  the  spirit  shown  thus  far  if  we  did  not  accept  the 
Committee's  statement  as  it  is.  I  quite  agree  with  Mr.  Loweth 
on  that  point. 

(The  amendment  on  the  insertion  of  the  words  "or  similar" 
was  not  agreed  to.) 

The  President : — Paragraph  4  is  now  before  you.  If  there 
is  no  objection,  it  will  be  considered  approved.  We  will  now 
consider  paragraph  5. 

Mr.  Kelley: — In  explanation  of  paragraph  5,  I  would  say 
that  in  testing  for  consistency  the  needle  is  removed;  it  can  be 
taken  out,  and  a  brass  cylinder  is  inserted,  and  when  the  paste 
is  of  normal  consistency,  the  cylinder  is  placed  upon  the  machine 
and  should  settle  down  into  the  mass  only  10  mm.  If  it  goes 
beyond  that  the  paste  is  too  soft.  The  amount  of  water  neces- 
sary to  reach  that  particular  consistency  must  be  determined  by 
trial  for  each  individual  cement  that  is  purchased.  It  varies  in 
the  different  cements. 

The  President: — If  there  is  no  objection  to  paragraph  5, 
it  will  be  considered  approved.  We  will  next  go  to  paragraph 
6.  If  there  is  no  objection  to  that,  it  will  be  considered  ap- 
proved. Is  there  any  objection  to  the  paragraph  on  "Tensile 
Strength?"    Any  objection  to  paragraph  i  ?    To  paragraph  2? 

Mr.  Churchill : — In  paragraph  2  there  seems  to  be  no  re- 
quirement as  to  the  method  of  handling  either  the  pat  or  the 
briquette  after  it  is  made.  The  government  specification  requires 
it  to  be  placed  under  a  moist  cloth,  if  I  remember. 

The  President : — Does  that  not  refer  to  briquettes  instead  of 
pats? 

Mr.  Churchill : — Both  should  be  treated  in  the  same  manner. 
The  drying  of  a  briquette  and  a  pat  should  be  in  the  same  man- 
ner. In  other  words,  as  the  government  has  it,  subject  to  a  moist 
cloth  so  that  they  dry  not  too  rapidly.  We  have  found  that  a 
simple  apparatus,  a  sieve,  in  fact,  placed  about  one  inch  above  the 
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water  in  a  pan,  the  water  being  kept  at  70  degrees,  is  the  most 
efficient  method  for  keeping  the  pats  at  proper  moisture  while 
they  are  being  hardened  for  testing,  and  I  submit  that  there 
should  be  some  method  mentioned,  just  as  the  government  testing 
specifications  do,  for  treating  the  pat  and  the  briquette  before 
they  are  finally  tested. 

Mr.  Kelley: — Under  the  cold  water  test,  we  say,  "A  pat 
of  neat  cement,  2^  to  3  inches  in  diameter,  Vo  inch  thick  at  the 
center,  tapering  to  a  thin  edge,  and  allowed  to  take  its  final  set 
in  moist  air,  must  withstand  indefinite  exposure  in  water  or  air 
at  any  ordinary  temperature  without  checking,  distortion  or  soft- 
ening." It  seems  to  me  that  it  would  not  be  pertinent  to  burden 
the  specification  with  a  description  as  to  the  manner  in  which 
■the  pat  or  briquette  is  to  be  subjected  to  the  moist  air.  It  is  not 
our  province  to  say  whether  it  shall  be  wrapped  up  in  a  moist 
cloth  or  put  on  a  rack  under  which  damp  cloths  are  laid.  If  the 
conditions  are  secured,  the  method  by  which  they  are  secured 
in  this  particular  place  does  not  come  within  the  sphere  of  the 
specification.  It  is  not  wise  to  burden  our  specifications  with 
details.  We  simply  give  the  general  conditions.  We  appreciate 
that  it  must  be  moist  air.  I  think  we  would  do  wrong  to  attempt 
to  define  detail  methods  as  to  how  the  moist  air  is  to  be  supplied. 
We  say  that  the  pat  must  take  its  final  set  in  moist  air. 

I  have  the  following  recommendation  from  Mr.  Newberry : 
"I  think  tests  with  three  parts  standard  sand  should  also  be 
specified,  and  are  more  important  and  significant  than  neat  tests." 
The  Committee  did  not  put  in  the  requirements  for  tests  of  cement 
mixed  with  sand,  because  we  consider  that  the  knowledge  of 
the  art  at  the  present  time  was  not  sufficiently  defined.  The  sand 
used  is  a  very  jmportant  feature  in  that  matter.  ■  We  might  put 
in  a  specification  stating  that  a  certain  sand,  such  as  crushed 
quartz,  shall  be  used,  or  put  in  that  simple  sand  shall  be  used, 
and  later  we  will  refer  to  the  question  of  sand.  The  joint  com- 
mittee on  uniform  tests  is  making  some  extensive  investigations 
into  what  the  character  of  the  sand  should  be.  They  have  not 
made  any  decision  yet  based  on  their  investigations.  Therefore, 
if  we  introduce  this  element,  we  would  place  in  our  specifications 
a  very  uncertain  feature.  Where  one  cement  manufacturer  could 
use  the  same  sand  all  the  time,  and  the  same  cement,  he  will  have 
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no  difficulty  in  arriving  at  wliat  the  result  for  the  sand  test  should 
be  for  his  particular  cement ;  but  we  should  be  obliged  to  alter 
the  test  for  every  particular  brand  we  used. 

Prof.  Pence: — I  call  attention  to  what  I  think  is  a  discrep- 
ancy. In  the  clause  where  the  rate  of  application  of  the  load  is 
discussed,  it  is  stated  that,  "The  stress  to  be  applied  at  a  uniform 
rate  of  600  pounds  per  minute  until  fractured."  Under  natural 
cement  it  is  stated  that,  under  the  recommendation  of  the  Ameri- 
can Society  of  Civil  Engineers,  the  stress  is  to  be  applied  at  a 
uniform  rate  of  400  pounds  per  minute.  It  seems  to  be  either 
an  oversight  or  unscientific  to  have  the  two  rates. 

Mr.  Kelley: — I  do  not  consider  that  it  is  either  an  oversight 
or  unscientific.  Members  may  recall,  when  the  discussion  was 
up  last  year  on  the  rail,  that  the  late  Prof.  Johnson  asked  the 
question :  "Why  do  you  propose  the  same  height  of  drop  with 
the  same  weight  for  rails  of  different  section?"  Now,  if  we  pro- 
pose 600  pounds  per  minute  for  cements  that  only  require  100 
pounds  tensile  strength  after  a  seven-days'  test  and  then  require 
the  same  rate  of  stress  application  on  a  cement  with  400  pounds 
tensile  strength,  it  would  not  be  logical  or  rational,  and  we  en- 
deavor to  place  the  practice  somewhat  in  line  with  the  tensile 
strength  of  the  cement. 

Prof.  Pence : — It  would  seem,  then,  if  I  understand  your 
view,  that  the  rate  of  application  of  stress  upon  rivet  steel,  say, 
which  has  low  tenacity,  should  be  different  from  that  on  medium 
steel,  and  I  believe  the  rate  is  not  different  in  practice.  In  the 
mills,  the  rate  -is  about  as  fast  as  they  can  make  it.  1  believe  the 
same  condition  applies  in  a  cement-testing  laboraton'.  Where 
one  is  testing  a  great  deal  of  cement  a  large  number  of  briquettes 
must  be  tested,  and  it  would  be  impracticable  to  stop  and  con- 
sider whether  the  rate  is  slow  or  fast,  according  to  whether  it 
is  Portland  or  natural  cement. 

Mr.  Kelley : — I  think  that  question  is  open  to  discussion,  but 
not  at  the  present  time.  When  we  settle  the  matter  of  Portland 
cement,  and  have  time  to  take  up  the  question  of  natural  cement, 
I  think  that  would  be  a  proper  question  for  discussion.  ISIr. 
Newberry,  in  commenting  on  these  specifications,  says :  "Many 
of  the  best  American  cements  would  fail  if  placed  in  water  one 
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hour  after  molding.  I  would  recommend  that  the  24-hour  test 
be  made  on  briquettes  kept  only  in  moist  air." 

Mr.  Parkhurst : — I  desire  to  say  that  we  have  found  that 
essential  to  testing  American  cement.  Under  certain  conditions 
of  temperature  we  find  that  the  cements,  if  placed  in  water,  will 
crack,  although  they  may  be  perfectly  good  if  kept  under  a  damp 
cloth  24  hours. 

Mr.  Kelley: — With  the  permission  of  the  chair  I  will  read 
from  the  United  States  engineers'  specification:  "Briquettes 
made  of  neat  cement,  after  being  kept  in  air  for  24  hours  under 
a  wet  cloth  and  the  balance  of  the  time  in  water,  shall  develop 
tensile  strength  per  square  inch  as  follows,  etc." 

Mr.  McDonald: — Is  the  Committee  going  to  revise  that 
clause,  and  how? 

Mr.  Kelley: — It  is  a  matter  that  the  Committee  has  not  yet 
passed  upon.  That  criticism  came  to  me  after  the  report  was 
sent  in  to  be  printed. 

Mr.  Churchill: — As  it  reads  now  it  is  opposed  to  that  para- 
graph in  regard  to  setting. 

Mr.  Kelley : — It  is  a  point  which  is  not  taken  up,  and  per- 
sonally I  am  disposed  to  change  it.  I  have  not  had  time  to  get 
an  expression  from  the  Committee,  but  will  consult  some  of  the 
members  now.  The  Committee  will  change  it  to  24  hours  in 
moist  air. 

The  President : — We  will  now  consider  paragraph  4. 

Mr.  Berry : — I  ask  the  Committee  if  they  considered  a 
14-day  or  2 1 -day  test.  It  frequently  happens  that  from  the  time 
a  carload  of  cement  is  delivered  on  the  work  and  the  time  the 
sample  is  sent  to  the  laboratory,  a  chance  is  given  to  determine 
whether  the  cement  will  fill  the  bill.  If  it  is  not  right,  and  some 
of  it  goes  into  the  work,  having  a  14  or  21 -day  test  would  give  a 
chance  to  reject  the  balance. 

Mr.  Kelley : — The  Committee  were  unable  to  obtain  definite 
information  as  to  what  the  increase  in  strength  should  be,  but,  as 
you  will  see  later  on,  we  took  a  wide  departure  in  calling  for  a 
large  percentage  of  increase  in  tensile  strength  from  seven  to  28 
days,  but  lack  of  information  prevented  us  from  putting  in  a 
logical  14  or  21 -day  test. 

The  President : — If  there  is  no  further  objection  to  paragraph 
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4,  it  will  be  approved.  We  will  next  consider  paragraph  5 ;  if 
there  is  no  objection,  it  will  stand  approved.  The  next  is  para- 
graph 6. 

Air.  Kelley : — In  framing  paragraph  6,  which  requires  rather 
low  tensile  strength  for  the  seven-day  test,  and  calls  for  a  definite 
percentage  of  increase  in  28  days,  the  Committee  had  in  mind 
the  fact  that  cements  can  be  doctored  to  stand  a  high  seven-day 
test  and  then  not  increase  at  all,  or  increase  a  very  small  per- 
centage, from  that  time  until  28  days  have  elapsed,  and  some 
samples  show  even  a  decrease. 

In  the  case  of  41,000  barrels  of  cement,  in  which  one  barrel 
out  of  every  ten  was  sampled,  and  in  which  19  different  brands  of 
cement  occurred,  it  was  found  the  percentage  of  increase  was 
about  II  per  cent,  in  from  seven  to  28  days,  but  those  cements 
which  showed  high  tensile  strength  at  seven  days  failed  to  show 
even  11  per  cent,  increase  in  28  days.  Some  showed  a  deteriora- 
tion and  some  showed  an  increase  of  2  or  3  per  cent.  The 
cements  which  tested  400  or  500  pounds  on  seven-day  test 
showed  an  increase  of  25  to  54  per  cent,  in  seven  to  28  days. 
Mr.  Newberry,  in  commenting  on  that  article,  says :  "This  re- 
quirement (25  per  cent,  increase)  is  very  severe.  I  think  the 
best  finely-ground  cement  generally  shows  at  least  700  pounds  at 
seven  days.  Would  recommend  a  requirement  of  10  per  cent, 
increase."  As  one  member  of  the  Committee,  I  would  not  like 
to  see  the  percentage  lowered  to  10  per  cent.,  as  I  believe  we 
can  secure  a  better  quality  of  material  and  eliminate  the  over- 
limed  cements  and  get  a  better  28-day  test.  We  do  not  desire 
to  put  into  our  work  a  cement  containing  more  lime  than  it 
should.  I  believe  we  should  prefer  cements  that  have  an  excess 
of  clay.  They  are  slow  setting,  but  surer,  and  do  not  give  the 
same  test  at  seven  days  as  the  over-limed  cement  would.  The 
amount  of  the  percentage  increase  in  strength,  I  think,  is  open 
to  discussion,  and  I  believe  we  should  consider  it.  It  is  quite  a 
departure,  and  I  have  never  seen  it  in  any  other  specification. 

Air.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — It  occurs  to 
me  that  if  the  limit  in  the  28-day  test  is  left  at  500  pounds,  the 
effect  will  be  to  let  in  a  lot  of  inferior  cement.  It  is  not  at  all 
unusual  to  test  up  cement  at  28  days  in  a  1.000-pound  machine 
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and  find  a  very  large  proportion  of  the  briquettes  that  the  ma- 
chine will  not  break.  If  this  is  left  at  500  pounds  it  would  have 
the  efifect  of  letting  in  a  lot  of  cement  that  should  not  be  con- 
sidered as  a  first-class  article  of  Portland  cement. 

The  President : — Do  you  read  the  second  clause  in  that 
sentence  as  being  applicable  also — even  if  it-  does  test  at  500 
pounds,  it  must  show  an  increase  of  25  per  cent.  ? 

Mr.  Stevens : — I  do  appreciate  that,  but  still  cement  may  be 
good  at  400  pounds  in  seven  days — that  is  possible  in  slow-setting 
cement — and  it  should  show  much  more  than  25  per  cent,  increase 
in  seven  days. 

Mr.  Kelley: — Unfortunately,  they  do  not.  The  result  of  the 
41,000  barrels  tested,  one  out  of  10,  showed  an  average  of  only 
II  per  cent,  increase,  and  in  all  of  these  tested,  all  of  the  tests 
which  went  up  over  700  pounds  in  seven  days  failed  to  show  any 
material  increase  in  28  days.  But  the  cements  tested  at  450  or 
500  pounds,  in  28  days  all  went  over  11  per  cent.,  and  some  as 
high  as  54  per  cent.  It  seems  to  me  that  fact  should  give  us 
very  valuable  information. 

Mr.  Storey : — I  have  in  mind  a  cement  which  I  have  been 
testing  for  over  two  years,  making  tests  practically  every  day, 
and  I  find  that  in  the  neat  briquette  it  does  not,  in  hardly  any 
case,  show  the  increase  which  the  recommendation  of  the  Com- 
mittee calls  for.  The  seven-day  test  is  high,  runs  to  700  pounds ; 
the  28-day  test  will  run  up  to  900  pounds — it  is  generally  between 
700  and  900  at  seven  days — and  goes  on  increasing  to  60  days. 
I  have  had  tests  made  at  the  end  of  12  months  and  find  there 
is  a  slight  going  backward,  and  that  generally  the  top  of  the 
curve  comes  in  about  60  days,  and  I  do  not  find  any  great  going 
backward  at  that  time.  The  curve  holds  nearly  level  for  the 
entire  number  of  tests  from  that  time  on.  Another  fact  is,  that 
briquettes  mixed  with  three  parts  sand  or  crushed  quartz,  while 
not  very  strong,  do  increase.  That  is,  the  summit  of  the  curve 
in  that  case  is  about  90  days  and  then  goes  back  slightly.  I 
mention  these  facts  as  being  pertinent  to  the  present  discussion, 
and  this  cement  I  refer  to  would  not  stand  the  test  recommended 
by  the  Committee. 

Mr.  Lee : — I  wish  to  confirm  the  remarks  which  the  gentle- 
man has  just  made,  and  I  can  say  further  that  I  have  made  tests 
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on  the  cement  which  he  has  mentioned,  and  on  many  other 
brands,  extending  over  a  period  of  three  years.  I  observe  the 
same  characteristic  of  decreasing  strength  in  various  cements  at 
the  end  of  different  lengths  of  time,  but,  with  perhaps  one  or  two 
exceptions,  after  decreasing  sHghtly  it  begins  to  increase  again. 
I  have  plotted  these  tests  in  curves,  and  it  makes  an  interesting 
and  graphic  statement  'of  the  strength.  In  nearly  every  case 
there  is  a  slight  decrease  at  the  end  of  six  months  or  a  year,  but 
after  that  time  the  strength  begins  to  increase  again. 

Air.  Berry: — It  is  evident  that  Mr.  Storey,  Air.  Lee  and  some 
of  these  gentlemen  have  made  tests  of  the  same  kind  of  cement. 
In  the  hurry  of  coming  in  from  a  washout  on  our  road  Sunday, 
I  neglected  to  bring  our  report  on  cements,  but  my  recollection 
is  that  if  you  insist  upon  the  25  per  cent,  increase  you  will  keep 
out  a  large  number  of  first-class  foreign  cements. 

Mr.  Storey: — When  I  first  discovered  this  quality  in  this  par- 
ticular cen-ient,  I  had  in  some  of  my  previous  specifications  a 
recjuirement  that  cement  should  increase  in  strength  extending 
over  a  year,  and  when  I  ran  across  the  fact  that  it  attained  its 
maximum  in  60  days,  the  question  occurred  to  me,  why  did  I 
insist  on  the  other?  I  do  not  know  why  it  is  not  a  good  cement, 
and  why  the  requirement  that  it  shall  increase  in  a  year  should 
go  into  the  specification.  Outside  of  the  point  that  cement  may 
be  doctored  to  stand  a  seven-day  test,  I  do  not  see  any  reason 
why  we  can  not  accept  a  cement  that  will  give  the  test  I  have 
already  had  on  certain  brands  for  a  year. 

Mr.  Kelley : — I  believe  the  Committee  will  accept  a  reduction 
of  the  25  per  cent.  We  desired  a  full  and  free  discussion  on  this 
point.  Personally,  I  w^ould  favor  a  15  per  cent,  increase.  I 
believe  cements  can  be  made  and  can  be  purchased  that  will  do 
it,  and  give  us  some  safeguard  against  doctoring.  I  also  corrobo- 
rate Mr.  Storey's  statement  that  a  cement  mixed  with  sand  in- 
creases at  a  greater  percentage  than  neat  cement.  I  have  some 
sand  tests  of  41,000  barrels,  one  in  2,  which  ran  up  to  about  21 
per  cent,  increase  in  seven  to  28  days. 

Air.  C.  Lewis  (Civil  Engineer)  : — With  reference  to  the  re- 
quirement of  the  specification  calling  for  an  increase  in  the  tensile 
strength  for  28  days  of  not  less  than  25  per  cent,  over  the  tensile 
strength  shown  at  seven  days,   the  records   of  a  large  number 
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of  cement  tests  will  show,  I  think,  that  no  such  average  increase 
of  strength  can  be  expected,  and  an  increase  of  15  per  cent,  being 
probably  about  as  good  as  can  be  looked  for.  Many  of  the  best 
brands  will  show  little  or  no  increase  during  this  period  from 
seven  to  28  days.  I  think  it  is  a  generally  accepted  fact  that  a 
cement  of  theoretically  correct  chemical  composition  would  attain 
its  maximum  strength  within  a  few  days:  The  danger  of  liming 
a  cement  up  to  its  full  capacity  is,  however,  so  great  that  con- 
servative manufacturers  refrain  from  attempting  to  obtain  too 
great  a  tensile  strength  at  early  periods  by  this  means.  In  spite 
of  this  conservatism  at  a  few  mills,  the  desire  to  produce  a  cem^ent 
which  will  test  high  at  one  and  seven  days  is  still  largely  prevalent, 
and  much  of  the  effort  of  the  inspector  must  be  directed  to  coun- 
teracting this  tendency.  It  is  with  this  object  in  view  that  some 
up-to-date  specifications  set  maximum  limits  to  the  tensile  strength 
for  the  short  periods  and  nearly  all  modern  specifications  call  for 
some  definite  percentage  of  increase  in  tensile  strength  between 
the  different  periods.  If  the  specification  is  to  be  strictly  lived 
up  to,  it  will  not  do  to  go  too  far  in  demanding  this  increase,  for. 
as  stated  before,  many  excellent  cements  will  not  be  able  to  con- 
form to  such  a  clause  unless  the  requirements  are  very  moderate. 
If,  however,  a  clause  of  this  kind  is  to  be  inserted  in  the  specifi- 
cation with  the  expectation  that  it  will  be  liberally  interpreted 
by  a  competent  inspector,  there  would  be  no  harm  in  allowing 
the  clause  to  stand  as  proposed  by  the  Committee.  For,  when 
properly  inspected,  an  otherwise  good  cement  will  hardly  be 
rejected  by  reason  of  its  failure  to  show  the  increase  here  called 
for,  unless  parallel  tests  indicated  over-liming  or  otherwise  un- 
satisfactory composition,  A  specification,  from  beginning  to  end. 
has  many  clauses  which,  if  strictly  lived  up  to,  would  cause  the 
rejection  of  many  good  cements,  these  clauses  being  inserted  to 
throw  out  cements  which  are  generally  unsatisfactory,  but  which, 
without  the  aid  of  such  clauses,  would  technically  pass  the  require- 
ments.    This  particular  clause  is,  I  think,  one  of  the  kind. 

I  think  the  matter  has  been  brought  before  the  Committee 
once  before  as  to  whether  a  specification  should  be  one  to  be  lib- 
erally interpreted  by  an  expert  inspector,  to  whom  the  chief  use 
of  the  specification  will  be  to  furnish  a  standard  towards  which 
he  can  work,  or  whether  it  is  to  be  a  short  specification  v;hich 
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can  be  readily  used  by  the  purchasing  agent,  and  which,  being 
interpreted  hterally,  will  cause  the  rejection  of  all  cement  not 
strictly  conforming  to  its  every  clause.  If  the  specification  here 
proposed  is  to  be  of  the  latter  kind,  this  clause  should  certainly 
be  amended,  but  if  the  specification  is  intended  to  be  of  the  former 
kind,  to  be  interpreted  by  an  intelligent  inspector,  I  think  that 
the  clause  might  stand.  The  inspector  will  be  able  to  use  his 
discretion  to  some  extent,  and  if  the  cement  is  a  desirable  one, 
judged  by  other  parallel  tests,  failure  to  show  a  25  per  cent,  in- 
crease from  seven  to  28  days  will  not  cause  its  rejection.  On  the 
other  hand,  to  set  any  definite  limit  which  could  be  strictly  con- 
formed to  by  most  good  brands  of  cements  would  not  be  practi- 
cable, as  they  nearly  all  differ  in  this  regard. 

■  Mr.  Berry : — The  gentleman  who  preceded  me  spoke  about 
the  purchasing  agent.  I  think  we  use  him  as  an  excuse  when 
we  buy  something  we  do  not  want.  The  purchasing  agent  of 
our  company  says :  "You  give  me  the  specifications,  and  I  will 
make  the  other  fellow  live  up  to  them,  and  I  will  not  let  up  until 
you  say  so."    That  is  the  sort  of  purchasing  agent  we  have. 

Mr.  Loweth : — I  move  we  change  the  25  per  cent,  to  10  per 
cent. 

Mr.  Churchill : — I  am  afraid  there  is  a  little  danger  in  putting 
that  in  as  an  arbitrary  figure.  I  think  if  we  get  an  increase,  we 
are  all  right.  I  am  sure  there  are  acceptable  cements,  which  have 
been  proved  to  be  acceptable  cements  and  of  long  standing,  that 
will  not  show  an  increase  in  that  period,  and  if  the  wording  could 
be  changed  slightly  so  that  it  "should  show  a  10  per  cent,  increase 
above  the  seven-day  test,"  then  it  does  not  actually  condemn. 

Mr.  Loweth : — I  would  ask  how  would  it  do  to  have  it  read 
that  it  shall  not  be  less  than  10  per  cent.? 

Mr.  Churchill : — I  would  suggest  that  the  paragraph  be 
changed  to  read :  "Should  show  an  increase  of  10  per  cent,  or 
more." 

Mr.  Condron : — The  word  "preferably"  might  be  introduced 
in  there  for  the  use  of  the  inspectors.  The  use  of  the  word 
"should"  or  "shall"  sometimes  leads  to  confusion.  If  we  sav 
"should  preferably  show,"  that  will  avt)i(l  confusion  a«>  to  whether 
it  should  be  rejected  if  it  does  not  show  such  an  increase. 
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Mr.  Kelley: — I  believe  Mr.  Condron's  sugg-estion  would  de- 
feat the  very  object  of  this  paragraph.  I  look  upon  it  as  quite 
a  step  in  advance  for  this  Association  to  agree  with  what  Mr. 
Churchill  has  suggested — that  the  cement  should  show  a  lo  per 
cent,  or  greater  increase.  That  would  place  it  on  the  same  plane 
as  the  boiling  test,  in  which  we  admit  that  the  boiling  test  may 
not  reject  a  cement,  but  if  it  does  not  meet  this  test  it  will  make 
the  cement  a  cause  for  suspicion.  The  result  of  Mr.  Churchill's 
amendment  would  be  that,  if  the  cement  failed  to  show  a  lo  per 
cent,  increase  from  seven  to  28  days,  it  will  throw  suspicion  on 
the  cement  and  give  us  a  chance  to  make  a  chemical  analysis 
of  the  raw  product. 

Mr.  Churchill : — During  a  long  period  of  testing  conducted 
since  1882 — I  think  I  was  one  of  the  pioneers  in  testing  cement 
during  construction — I  have  never  failed  to  test  natural  cements 
with  sand,  and  I  think  we  make  a  great  mistake  in  leaving  out 
a  sand  test  in  a  recommendation  made  by  this  society.  The  chair- 
man of  the  Committee  has  stated  there  is  trouble  in  getting  good 
sand.  I  do  not  see  why  there  should  be.  It  is  a  commercial  arti- 
cle, obtained  by  us,  I  believe,  in  Philadelphia,  for  testing  our  ce- 
ment, and  prepared  specially  for  that  purpose.  I  am  aware  of 
the  fact  there  is  some  discussion  about  it  to-day,  but  it  is  a  com- 
mercially pure,  glass  sand.  I  have  described  for  years  the  sieve 
it  shall  pass  through,  and  I  see  no  reason  why  we  should  omit 
that  important  test,  for  the  reason  it  is,  after  all,  the  way  you  are 
going  to  use  the  cement  in  the  work.  You  do  not  use  it  neat. 
You  use  it  with  the  sand,  and  this  test  gives  you  a  better  idea  of 
the  value  of  the  cement  as  a  sand-carrier  in  the  mortar  that  goes 
into  the  work,  and  I  certainly  trust — while  I  am  not  prepared  at 
this  moment  to  offer  a  paragraph  covering  the  point — the  Com- 
mittee will  take  that  up  further  and  add  some  sand  tests  both  to 
the  Portland  cement  and  the  natural  cements. 

Mr.  Kelley : — The  Committee  would  be  very  glad  to  put  an 
item  of  that  kind  in  the  specifications  if  the  Association  will 
furnish  the  data  now  and  agree  upon  what  it  should  be.  We 
wished  to  put  it  in,  but  our  information  and  the  literature  on  the 
subject  were  so  contrary  that  we  dropped  it. 

The  President : — We  shall  not  get  through  with  the  discus- 
sion of  this  report  to-night.     It  is  suggested  that  the  Committee 
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make  an  effort  before  we  convene  in  the  morninc^  to  formulate 
something  in  the  way  of  a  sand  test,  to  get  such  information  as  it 
can  from  the  members.  We  would  ask  any  member  who  has  in- 
formation on  the  subject  to  seek  out  some  member  of  the  Com- 
mittee and  give  him  the  benefit  of  it. 

Mr.  Kelley  : — Upon  this  question  of  sand  we  intended  to  treat 
it  in  a  later  report  on  the  subject  of  concrete,  but  not  in  this 
particular  connection.  On  page  3  of  our  present  report  the  fol- 
lowing will  be  found :  "The  sand  has  usually  been  required  to 
be  sharp,  but  it  is  questionable  whether  a  rounded  grain  would 
not  give  equally  as  good  results,  and  the  ideal  sand  be  one  con- 
taining grains  of  various  sizes  without  reference  to  their  shape, 
thus  reducing  the  voids  to  a  minimum  and  requiring  less  cement 
to  thoroughly  cover  the  grains."  In  line  with  that  I  took  the 
commercial  sand  that  is  used  in  Minneapolis  and  St.  Paul.  Un- 
fortunately, it  is  not  a  typical  angular  grain ;  it  is  round,  but 
rough.  I  also  took  what  is  a  geological  curiosity — St.  Peter 
sandstone — which  exists  in  croppings  through  Wisconsin  and 
along  the  upper  ^Mississippi,  and  then  gradually  drops  below  the 
surface  until  you  get  south  in  Southern  Iowa,  where  it  is  2,500 
feet  below  the  surface.  St.  Peter  sandstone  is  a  soft  stone;  you 
can  take  it  out  of  a  river  bank  with  your  hand.  It  is  a  geological 
curiosity  in  one  respect ;  examination  under  the  glass  shows  it  to 
be  composed  of  grains  as  round  and  polished  as  if  done  by  hand ; 
they  are  of  varying  sizes,  and  none  of  them  coarse ;  they  are  all 
fine.  It  occurred  to  me  that  if  this  sand  would  give  a  good  re- 
sult, or  as  good  result  as  the  sharp  sand,'  it  would  be  in  line  with 
the  suggestion.  Possibly  we  are  wrong  in  specifying  sharp  sand ; 
we  might  specify  any  sand  provided  it  was  of  varying  size,  and 
then  specify  the  size.  I  had  a  number  of  samples  made  up  on 
a  seven-day  test.  The  English  Portland  cement  briquette,  out  of  » 
nine  samples,  showed  an  average  of  320  pounds.  Mixed  one  to 
two  with  St.  Peter  sandstone,  eight  samples  showed  an  average 
of  181  pounds.  Mixed  with  the  commercial  sand,  the  average 
of  nine  samples  showed  161  pounds.  Mixed  one  to  three  with 
St,  Peter  sandstone,  an  average  of  eight  samples  showed  148 
pounds.  Mixed  one  to  three  with  commercial  sand,  the  average 
of  nine  samples  showed  J2  pounds.  I  propose  to  continue  the 
experiments  during  the  year  for  my  own   information,  because 
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they  are  extraordinary.  If  any  of  the  members  want  to  take  a 
glass  and  look  at  this  St.  Peter  sand,  they  will  find  it  interesting, 
as  it  is  a  curiosity. 

The  President : — If  there  is  no  criticism  of  the  paragraph  on 
specific  gravity,  we  will  let  that  stand.  We  will  now  consider 
the  chemical  analysis. 

Mr.  Kelley : — -In  tfiis  connection  Mr.  Newberry  writes :  "I 
can  find  no  testimony  on  record  showing  harmful  efifect  of  mag- 
nesia up  to  5  per  cent.  My  own  experiments  show  much  higher 
proportions  (lO  per  cent.)  to  be  absolutely  harmless,  if  cement 
is  otherwise  properly  made."  The  limit  of  33^  per  cent,  of  mag- 
nesia reported  by  the  Committee  is  adopted  at  the  suggestion 
of  Prof.  Swain,  a  member  of  the  joint  committee  on  uniform 
tests.  I  would  add  further,  that  quite  an  extensive  examination 
of  the  German  records  rather  substantiates  Mr.  Newberry's  claim, 
but  the  American  practice  seems  to  lower  that  percentage  below  5. 

Prof.  Pence : — I  would  call  attention  to  the  fact  that  the 
American  Society's  specification  shows  5  per  cent.,  instead  of 
3^  per  cent.,  as  the  limit  for  the  magnesia.  The  figure,  33/2 
per  cent.,  which  Prof.  Swain  gave,  may  have  been  his  own  views 
or  a  slip  of  memory.    The  printed  specification  shows  5  per  cent. 

Mr.  Kelley : — That  point  was  taken  up,  and  we  had  the 
American  Society  report  before  us,  and  Prof.  Swain  asked  us  to 
place  it  at  3^  per  cent.  It  was  evidently  a  personal  opinion  of 
his. 

Mr.  Loweth : — Why  not  change  that  from  3^  to  5  per  cent.? 
That  would  be  in  line  with  the  work  of  the  American  Society, 
and  was  the  intention  of  the  Committee,  was  it  not? 

The  President: — The  Committee  is  willing  to  accept  5  per 
cent.,  instead  of  35^  per  cent. 

Is  there  any  other  change  in  regard  to  chemical  analysis  ?  If 
not,  that  will  stand  approved. 

The  next  subject  is  "Uniformity."  If  there  is  no  objection 
to  that,  it  will  stand  approved. 

(The  meeting  then  adjourned  to  9:30  a.  m.) 
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THURSDAY,  MARCH    19,  1903. 


The  meeting  was  called  to  order  at  9  130  o'clock  by  the  Presi- 
dent, Mr.  George  \V.  Kittredge. 

The  President : — We  will  take  up  this  morning  the  specifi- 
cations for  natural  cement,  and  we  will  follow  the  same  arrange- 
ment that  we  did  yesterday.  While  we  would  like  to  have  a  full 
and  free  discussion  on  each  one  of  these  specifications,  if  there 
is  no  objection  raised  to  them,  they  will  stand  approved.  The 
first  item  under  the  specifications  for  natural  cement  is  the  defini- 
tion. Is  there  any  objection  to  that?  The  definition  of  natural 
cement  will  stand  approved. 

The  next  item  is  "Packages."  If  there  is  no  objection,  it  will 
stand  approved.  * 

Any  objection  in  regard  to  the  specification  on  "Weight?" 

Mr.  Kel],ey : — I  desire  to  call  the  attention  of  the  Associa- 
tion to  the  fact  that  under  "Weight"  we  have  specified  265  pounds 
of  cement  to  the  barrel.  I  want  to  say  in  explanation  of  that,  it 
would  apply  only  to  the  Western  cements.  Those  cements  made 
in  the  East,  from  the  State  of  Ohio  east,  will  run  300  pounds  to 
the  barrel,  and  the  Committee  was  somewhat  at  a  loss  to  decide 
just  what  weights  should  be  put  in ;  whether  we  should  put  in 
both  weights,  as  the  government  engineers  have  done,  the  weight 
of  265  pounds  for  the  Western  natural  cements  and  300  pounds 
for  the  Eastern  natural  cements.  The  Committee  would  appre- 
ciate an  expression  of  opinion  from  the  Association  on  that 
matter. 

The  President : — You  have  heard  the  remarks  of  M  r.  Kelley. 
We  should  be  glad  to  hear  from  you. 

Mr.  Berry : — Will  the  Committee  define  where  the  line 
comes  between  the  East  and  the  West? 

jNIr.  Kelley: — That  is  the  trouble  we  have  had.  We  could 
not  decide.     W^e  knew  that  the  New  York  natural  cements,  and 
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I  believe  some  of  the  Virginia  cements,  would  run  up  to  300 
pounds  ;  but  the  Louisville,  Utica  and  the  Mankato  cements  all 
run  down  close  to  265  pounds.  In  the  United  States  army  engi- 
neers' report,  giving  specifications  for  natural  cement,  under  the 
heading  of  "Weight,"  it  reads  as  follows :  "The  average  net 
weight  per  barrel  shall  not  be  less  than  300  pounds."  Then  in 
parentheses,  "west  of  the  Alleghany  Mountains  this  may  be  265 
pounds." 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St. 
Louis)  : — It  would  be  of  interest  if  the  Committee  could  inform 
us  as  to  the  relative  amount  of  cement  manufactured  under  the 
different  weights.  Which  is  the  largest,  the  Eastern  or  the  West- 
ern, and  by  how  much  ? 

Mr.  Kelley : — I  could  not  say.  We  all  know  that  the  Louis- 
ville cements  have  very  large  sales,  and  also  the  Eastern  New 
York  and  Rosendale  have  very  large  sales.  We  might  adopt 
the  wording  of  the  government  specifications  and  be  on  the  safe 
side,  and  yet  some  of  the  cements  close  to  the  range  of  the  Alle- 
ghany Mountains  may  vary ;  it  seems  to  depend  on  the  rock  from 
which  the  cement  was  burned. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  move  that  we 
adopt  the  government  reading  in  regard  to  that,  and  that  the  re- 
maining two  lines  of  the  paragraph  be  rearranged  to  fit. 

The  President : — That  is  the  average  weight,  as  I  understood 
you. 

Mr.  Kelley : — The  average  net  weight  per  barrel  shall  not 
be  less  than  300  pounds  (west  of  the  Alleghany  Mountains  this 
may  be  265  pounds).  Then  our  specifications  would  continue: 
"Three  paper  sacks  of  cement  shall  be  equivalent  in  weight  to 
one  barrel,  or  two  jute  sacks  containing  not  less  than  133  pounds 
to  the  sack"^ — that  would  require  133  to  150  pounds. 

(The  motion  was  carried.) 

The  President : — The  next  paragraph  is  the  one  in  regard 
to  "Condition."  If  there  is  no  objection,  it  will  stand  approved. 
The  next  is  the  one  in  regard  to  "Storage."  Unless  there  is 
objection  to  it,  it  will  stand  approved.  Is  there  any  objection 
to  the  paragraph  on  "Rejection?"  If  not,  it  will  stand  approved. 
'  '  •  Under  No.  i,  "Tests,"  the  first  subdivision  of  the  tests, 
"Sampling,"  is  before  you  for  discussion.     The  articles  i.  2  and 
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3,  in  natural  cement,  are  identical  with  the  saine  articles  under 
the  head  of  "Portland  Cement,"  and  we  could  accept  these  with 
the  same  amendments  that  were  made  with  the  other,  if  it  is 
satisfactory. 

Mr.  Kelley : — This  should  be  amended  to  read  precisely  as 
under  "Portland  Cement." 

The  President : — They  will  stand  approved.  Has  the  Com- 
mittee anything  to  say  about  the  question  of  "Fineness  ?" 

Mr.  Kelley : — In  taking  up  the  question  of  fineness  of  natural 
cement,  we  found  that  there  was  no  difficulty  in  getting  a  natural 
cement  that  would  go  higher  than  80,  although  many  satisfactory 
natural  cements  were  only  ground  to  that  degree  of  fineness.  We 
therefore-  placed  it  at  80,  and  we  wanted  the  Association  to  take 
the  question  of  fineness  up. 

Mr.  Cushing : — I  think  that  we  should  have  a  cement  that 
is  just  as  fine  as  it  can  be  obtained.  The  finer  it  is  the  stronger 
it  is,  and  rather  than  to  accept  something  that  is  a  little  below 
what  we  might  get,  I  would  rather  see  it  a  little  higher,  so  as  to 
continually  force  the  fine  grinding  of  cement.  I  think  it  is  an 
exceedingly  important  point,  and  I  would  like  to  see  that  raised. 
I  do  not  know  whether  the  Committee  are  able  to  say,  but  I 
would  like  to  hear  the  limit  of  what  they  think  they  can  get. 

Mr.  Kelley : — Answering  Mr.  Cushing,  I  desire  to  say  that 
the  tests  of  natural  cements  show  that,  while  the  cement  can  be 
ground  quite  as  fine  as  Portland,  and  even  at  less  cost  than 
Portland,  the  coarse  grinding  has  been  adhered  to  by  the  manu- 
facturers because  they  get  a  higher  test  on  neat  specimens;  but 
when  they  grind  it  very  fine  and  obtain  a  lower  test  on  the  neat 
specimen,  they  correspondingly  obtain  a  very  much  higher  test 
when  mixed  with  sand,  so  that  the  fine  grinding  is  a  very  impor- 
tant feature  in  natural  cements ;  but  if  we  specify  it,  we  will  be 
confronted  with  the  fact  that  we  must  ]5ay  a  few  cents  more 
per  barrel,  if  we  strictly  adhere  to  the  additional  grinding. 

Mr.  Churchill : — Will  you  please  state  what  the  government 
has  in  its  specifications? 

Mr.  Kelley :— Eighty. 

The  President : — Our  specifications  have  required  85  per  cent, 
fine  on  natural  cement,  and  all  the  Louisville  people  said :  "We 
will  be  very  glad  to  furnish  you  cement,  but  if  you  want  85  per 
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cent,  we  will  not  submit  a  bid.  We  can  sell  the  product  of  our  mill 
on  a  lower  basis  than  that."  The  consequence  was  we  got  our 
cement  somewhere  else. 

Mr.  Gushing: — If  the  Portland  cement  people  keep  on  im- 
proving the  quality  of  their  cement,  as  they  are  now,  there  will 
not  be  any  natural  cement  on  the  market  pretty  soon.  I  was 
down  in  the  Louisville  district  a  little  while  ago,  and  they  were 
pretty  nearly  dead,  and  I  understood  they  were  getting  ready 
to  make  Portland  cement,  because  theirs  was  being  run  out  of 
the  market.  I  have  known  personally  of  some  exceedingly  bad 
results  from  the  Western  natural  cements,  and  unless  there  is  a 
radical  improvement  in  the  present  quality,  it  will  not  be  used 
at  all  inside  of  two  or  three  or  more  years. 

Prof.  Pence : — I  have  in  mind  one  concern  manufacturing 
natural  cement,  where  they  have  recently  installed  the  latest  im- 
proved types  of  grinding  machinery  used  in  the  manufacture 
of  Portland  cement.  Their  cement  manufactured  within  a  year 
or  so,  compared  with  what  it  was  several  years  ago,  shows  a  dis- 
tinct improvement  in  regard  to  fineness.  I  should  like  to  ask 
the  Committee  whether  they  have  thought  of  introducing  specifi- 
cations at  a  later  time  in  regard  to  the  puzzolan  cement,  which 
is  exceedingly  fine,  and  is  being  used  as  a  substitute  for  natural 
-cement. 

Mr.  Kelley: — The  Committee  had  hoped  to  introduce  speci- 
fications for  puzzolan  cement,  but  we  were  not  able  to  do  so,  and 
back  up  our  specifications  with  arguments  and  information. 

Mr.  Cushing : — I  move  it  be  made  to  read  "85  per  cent." 

Mr.  F.  H.  McGuigan  (Grand  Trunk)  : — The  number  of 
cement  plants  that  are  being  put  in  all  over  the  country  would 
seem  to  indicate  that  it  would  be  an  easy  matter  to  obtain  any 
reasonable  degree  of  fineness  that  may  be  required.  I  know  on 
our  lines  in  Michigan  and  in  Canada  at  least  $3,000,000  have  been 
put  in  cement  plants  within  the  last  18  months,  and  it  seems  to 
me  the  market  will  be  so  abundantly  supplied  that  we  shall  be 
able  to  get  the  quality  in  a  very  short  time,  and  I  would  favor  a 
standard  so  high  as  to  obtain  the  best  possible  results. 

(The  motion  was  carried.) 

The  President : — Is  there  any  discussion  on  the  article  on 
fineness  ? 
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Prof.  Pence : — I  think  it  is  a  matter  of  some  interest  to  the 
members  of  the  Association  who  may  not  be  able  to  secure  the 
standard  sieve  to  know  that  the  standard  wire  cloth  described 
here  is  one  of  the  standard  grades  of  cloth  manufactured  by  all 
leading  wire  cloth  manufacturers.  You  will  find  it  described  in 
their  table  of  standard  wire  cloth,  so  that  in  case  of  emergency 
one  who  is  not  convenient  to  the  manufacturers  of  these  standard 
sieves,  and  wishes  to  procure  them,  could  buy  the  cloth  for  them 
from  one  of  the  manufacturers  of  wire  cloth  and  make  his  own 
sieve ;  and  he  should  be  especially  careful  to  specify  that  it 
should  be  absolutely  in  accord  with  the  standard  and  should  see 
that  he  is  getting  the  specified  standard  of  wire,  and  the  right 
number  of  meshes  to  the  inch. 

The  President: — If  there  is  no  other  objection  or  discussion, 
the  paragraph  on  fineness  will  stand  approved.  The  specification 
in  regard  to  "Set,"  No.  i,  reads  as  follows :  "Initial  set  shall 
not  occur  in  less  than  twenty  minutes." 

Mr.  Churchill : — I  believe  that  the  set,  both  i  and  2,  is  too 
long  to  cover  all  cements.  We  have  many  of  the  Lehigh  cements 
which  will  reach  initial  set  in  15  minutes,  and  I  think  by  putting 
that  set  so  long  as  proposed,  we  will  rule  out  some  very  valuable 
natural  cements  and  cements  that  have  been  approved  and  for  a 
long  period  have  proved  to  be  of  the  best  in  the  country.  Rosen- 
dale  cement  sets  slowly ;  30  minutes'  initial  set  is  all  right  for  the 
Rosendales,  but  it  will  not  be  right  for  either  Lehigh  or  in  many 
other  cases,  including  the  Black  Diamond  brand  of  Louisville.  I 
think  that  time  is  too  long. 

Mr.  Kelley : — I  believe  the  remarks  of  l\Ir.  Churchill  are  to  a 
certain  extent  correct.  Nevertheless,  with  all  of  the  information 
before  them,  the  government  engineers  have  specified  20  minutes 
for  all  natural  cement,  either  east  or  west  of  the  Alleghany  Moun- 
tains. 

The  President : — Do  you  know,  ]\Ir.  Kelley,  what  reasons  led 
up  to  their  so  specifying? 

Mr.  Kelley : — N'o,  sir :  I  cannot  give  any  satisfactory  reasons 
for  that,  except  for  fear  of  the  unsoundness  of  the  cements  which 
set  too  quick. 

Mr.  Churchill: — What  is  their  final  set? 
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The  President : — The  government  specification  reads  as  fol- 
lows :  "Time  of  setting. — The  cement  shall  not  acquire  its  initial 
set  in  less  than  20  minutes,  and  must  have  acquired  its  final  set 
in  four  hours." 

Mr.  Churchill : — I  see,  therefore,  that  you  have  added  to  the 
final  set  a  minimum  of  30  minutes. 

The  President : — It  strikes  me  that  is  too  low. 

Mr.  Churchill : — You  have,  therefore,  made  it  stronger  than 
the  government. 

The  President : — Yes,  we  have. 

Mr.  Churchill : — I  know  that  initial  sets  in  very  many  valu- 
able cements  may  take  place  in  20  minutes,  and  cement  that  has 
proved  sound  and  has  been  proved  to  be  safe  has  its  initial  set 
in  20  minutes.  I  am  referring  to  the  Lehigh  cements.  They 
will  both  set  quickly. 

Mr.  Kelley :'- — Mr.  Breckinridge  calls  my  attention  to  the  Bal- 
timore .  &  Ohio  Railroad  Company's  specification  for  natural 
cement,  which  reads  as  follows :  "Time  of  setting. — The  cement 
shall  not  acquire  its  initial  set  in  less  than  20  minutes,  nor  its 
final  set  in  less  than  45  minutes,  and  must  have  acquired  its 
final  set  in  three  hours." 

The  President : — A  cement  that  will  take  its  final  set  in  less 
than  20  minutes  will  be  rather  a  dangerous  cement  to  use.  It  is 
not  always  that  you  can  get  the  cement  into  its  final  place  and 
tamp  it  inside  of  20  minutes  from  the  time  the  water  is  put  on  it. 

I  would  like  to  have  the  Association  vote  on  the  point  of 
initial  set  in  20  minutes.  Those  who  are  in  favor  of  "initial  set 
shall  not  occur  in  less  than  20  minutes,"  vote  aye  ;  contrary,  no. 

(The  section  was  adopted  as  read.) 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  :— I 
move  that  we  change  "30  minutes"  to  "45  minutes"  for  final  set. 
I  believe  it  will  be  practically  impossible  to  get  good  results  with 
cement  which  will  take  its  final  set  in  30  minutes. 

(The  motion  was  carried.) 

The  President: — If  there  is  no  objection  to  the  four-hour 
limit,  that  will  stand  approved.  From  No.  3  to  No.  6,  the  items 
in  regard  to  "Set"  are  the  same  as  in  Portland  cement,  and  I  sug- 
gest that  we  save  time  by  acting  upon  Nos.  3,  4,  5  and  6  in  a 
body,  and  that  if  there  were  any  modifications  in  the  Portland 
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cement  that  they  be  made  to  apply  to  these.  Is  there  any  objec- 
tion to  that  manner  of  procedure?  If  not,  they  will  stand  ap- 
proved with  such  amendments  as  have  been  made  to  the  same 
in  regard  to  Portland  cement. 

Any  objection  to  the  article  on  "Soundness?" 

Mr.  Kelley: — I  would  call  the  attention  of  the  Association 
to  the  fact  that  the  Committee  has  left  out  the  boiling  water 
test  as  applied  to  natural  cement,  believing  that  that  is  not  a  fair 
one  for  natural  cements,  nor  one  that  we  could  rely  upon  to  any 
great  degree. 

The  President: — If  there  is  no  objection  to  ".Soundness,"  that 
will  stand  approved. 

Prof.  Pence : — I  would  move  to  substitute  600  pounds  for 
"tensile  strength"  per  minute,  instead  of  400.  I  would  state  the 
reason,  as  in  the  copy  of  the  specifications  of  the  American  So- 
ciety of  Civil  Engineers,  which  I  have  here,  it  specifies  that  the 
stress  shall  be  applied  at  the  rate  of  600  pounds  per  minute,  and 
while  they  do  not  give  specifications  for  the  strength  of  natural 
and  Portland  cement,  simply  giving  the  method  of  manipulating 
the  test  themselves,  I  believe  they  do  not  intend  to  make  a  distinc- 
tion between  the  two  kinds  of  cemicnts.  Perhaps  the  Committee 
has  a  reason  for  it. 

Mr.  Kelley: — In  looking  over  the  specifications  that  were 
issued  prior  to  this  last  recommendation  of  the  joint  committee 
on  uniform  tests,  I  believe  you  will  find  that  even  for  Portland 
cement  the  specified  testing  was  that  the  stress  should  be  applied 
at  the  rate  of  400  pounds,  and  at  the  last  session  of  the  joint  com- 
mittee on  uniform  tests  they  departed  from  400  to  600  in  the  case 
of  Portland,  but  did  not  take  up  so  far  as  reporting  the  rate  of 
application  of  stress  to  natural  cements.  The  Committee  be- 
lieved that  the  application  of  the  stress  at  the  rate  of  600  pounds 
per  minute  applied  to  material  that  was  required  to  go  to  400 
pounds  per  square  inch  would  be  too  severe  if  applied  to  material 
that  only  requires  to  withstand  100  pounds  per  square  inch.  We 
thought  the  rate  of  application  was  too  rapid,  but,  as  I  stated 
yesterday,  it  is  a  matter  upon'  which  we  would  like  to  have  dis- 
cussion at  this  Association  meeting. 

Prof.  Pence : — So  far  as  I  understand  the  recent  action  of  the 
American  Societv  of  Civil  Engineers,  thev  did  not  intend  to  do 
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more  than  to  prescribe  the  methods  of  manipulating  the  tests. 
Now,  I  feel  quite  sure  that  they  did  not  intend  to  have  any  dis- 
tinct difference  in  the  method  of  manipulating  the  two  kinds  of 
cement.  If  they  had  done  so,  I  believe  they  would  have  specified 
it.  Maybe  I  have  overlooked  this  in  their  report,  but  I  do  not 
find  it. 

The  President : — The  time  consumed  in  testing  at  a  rate  of 
400  pounds  per  minute  a  cement  that  yields  at  125  pounds  is 
about  a  quarter  of  a  minute.  We  are  spending  too  much  time 
on  it,  if  we  discuss  it  very  long.  Those  in  favor  of  the  amend- 
ment to  substitute  600  pounds  for  the  4CXD  pounds  will  indicate 
it  by  saying  aye,  contrary  no.  The  amendment  is  lost,  and  the 
article  stands  400  pounds  as  printed. 

Article  No.  i  stands  approved.  Article  No.  2,  unless  there 
is  objection,  will  stand  approved.    Article  No.  3  is  before  you. 

Mr.  Kelley : — In  article  No.  3,  for  the  24-hour  tests,  you  will 
see  it  reads  precisely  as  the  Portland  cement  requirement  taken 
up  yesterday,  and  as  the  final  set  for  natural  cement  is  placed  at 
four  hours,  it  might  be  illogical  to  say  that  the  24-hour  test  in 
this  case  should  be  made  upon  briquettes  that  were  allowed  to  set 
one  hour  in  air  and  the  balance  of  the  24  in  water.  The  Commit- 
tee desires  to  see  if  it  is  the  sense  of  the  Association  that  you 
would  be  willing  to  accept  without  argument  that  this  read  the 
same  as  the  24-hour  test  in  the  case  of  Portland. 

The  President : — It  was  modified  from  the  way  in  which  it 
was  printed  to  read  24  hours  in  moist  air.  Is  there  any  discus- 
sion on  the  modification  of  the  Committee?  If  not,  that  will 
stand  approved.  No.  5  will  have  to  be  modified,  will  it  not,  to 
meet  the  requirements  of  No.  3.? 

Mr.  Kelley : — I  think  in  both  Portland  and  natural  we  should 
modify  No.  5  to  meet  the  requirements  of  item  No.  3.  It  will 
then  read,  "All  briquettes  are  to  remain  in  the  water  until  they 
are  placed  in  the  testing  machine,  except  in  the  case  of  24-hour 
tests." 

Mr.  Churchill : — It  seem.s  to  me  we  are  going  wrong.  Para- 
graph 2  is  not  a  similar  case  at  all  to  Portland  cement.  Portland 
cement  requires  a  long  time  to  set.  It  may  take  10  hours  to  set. 
In  natural  cements  the  time  is  very  much  less  than  that,  and  I 
think  it  ought  to  be  put  in  water  when  set,  and  remain  in  the 
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water  after  that.  I  think  that  all  the  laboratories  use  that  method, 
and  the  cement  companies  themselves.  We  do  not  want  to  get 
higher  results  than  the  cement  companies.  I  will  ask  that  the 
following  amendment  be  made:  "In  moist  air.  until  finally  set, 
and  then  placed  in  water  the  balance  of  the  24  hours,"  if  it  is 
not  too  late  to  reconsider. 

Air.  McGuigan : — Possibly  the  Committee  would  be  willing 
to  accept  that. 

Mr.  Kelley: — Yes,  we  will.  That  is  a  point  I  wanted  to 
bring  out. 

The  President: — Then,  unless  there  is  objection,  that  modifi- 
cation will  be  accepted.  If  there  is  no  objection  to  No.  5,  that  will 
stand  approved. 

No.  6  is  before  you :  "Neat  24-hour  tests  shall  not  show  less 
than  60  pounds  per  square  inch.  Neat  seven-day  tests  shall  not 
show  less  than  100  pounds  per  square  inch.  Neat  28-day  tests 
shall  not  show  less  than  150  pounds  per  square  inch,  nor  less 
than  25  per  cent,  above  the  seven-day  test." 

Mr.  Kelley : — The  specifications  of  the  Baltimore  &  Ohio 
Railroad  have  been  handed  to  the  Comm.ittee  since  the  Associa- 
tion met  yesterday.  We  find  under  the  specifications  for  natural 
cement  the  following:  "Tensile  strength. — Briquettes  made  of 
neat  cenient  must  develop  a  strength  of  at  least  125  pounds  in 
seven  days.  The  seven-day  strength  must  show  a  gain  over  the 
one-day  strength  of  at  least  25  per  cent.  The  strength  developed 
in  28  days  must  be  at  least  200  pounds  and  must  show  a  gain  of  at 
least  25  per  cent,  over  the  strength  of  seven  days." 

Mr.  McDonald : — Is  there  any  representative  of  the  Balti- 
more &  Ohio  Railroad  here  that  has  operated  under  this  specifica- 
tion who  can  give  us  their  results? 

Mr.  Kelley : — I  will  say  that  ]Mr.  Lewis,  formerly  with  the 
Baltimore  &  Ohio  in  their  testing  department,  is  a  member  of 
this  Committee,  but  is  not  present  to-day. 

The  President : — I  know  that  the  Baltimore  &  Ohio  people 
have  been  operating  under  their  specifications  with  success,  and 
that  they  consider  an  increase  in  the  strength  from  the  one-day 
to  the  seven-day  and  the  seven-day  to  the  28-day  a  very  im- 
portant part  of  their  test.  Just  how  much  they  vary  from  it 
I  am  not  able  to  sav. 
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Mr.  Kelley: — If  3-011  will  permit  me,  I  will  read  the  United 
States  government  engineers'  specification  for  tensile  strength 
of  natural  cements :  "Briquettes  made  of  neat  cement  shall 
develop  the  following  tensile  strength  per  square  inch,  after  having 
been  kept  in  air  for  24  hours  under  a  wet  cloth  and  the  balance 
of  the  time  in  water.  At  the  end  of  seven  days,  90  pounds  ;  at 
the  end  of  28  days,  200  pounds." 

Mr.  McDonald: — I  believe  that  the  language  of  the  Com- 
mittee in  regard  to  100  pounds  on  seven  days  should  be  retained. 
I  think  if  it  were  raised  to  the  figures  of  the  Baltimore  &  Ohio 
that  it  would  result  in  knocking  out  all  Louisville  cements,  be- 
cause even  under  the  100-pound  tests  about  30  to  35  per  cent,  of 
all  the  tests  of  Louisville  are  rejections. 

Mr.  Kelley: — I  would  merely  add,  that  in  arriving  at  the 
required  tensile  strength  for  different  periods  the  Committee  in 
this  case  have  endeavored  to  be  entirely  conservative  and  place 
in  the  specification  what  they  knew  could  be  obtained  from  any 
reputable  natural  cement  maker  in  the  country. 

The  President :— In  order  to  make  time,  I  will  ask  the  Asso- 
ciation to  vote  on  the  60  pounds  per  square  inch  for  24  hours' 
test. 

(Carried.) 

Those  in  favor  of  retaining  100  pounds  per  square  inch  for 
the  seven-day  test  will  signify  it. 

(Carried.) 

Those  in  favor  of  making  the  28-day  test  150  pounds  per 
square  inch  will  signify  it. 

(Carried.) 

Those  in  favor  of  making  the  rate  of  increase  for  28-day  test 
25  per  cent,  over  the  seven-day  test  will  signify  it. 

(Carried.) 

Mr.  Churchill : — I  wish  to  call  attention  to  the  same  point  I 
made  under  Portland  cement.  I  think  we  make  a  grave  over- 
sight in  leaving  out  the  sand  test.  A  number  of  mills  that  I  am 
acquainted  with  have  made  successful  cements,  after  having  been 
unsuccessful,  simply  through  changing  their  fineness  of  grinding. 
The  bad  conditions  w^ere  proved  to  be  bad  by  the  sand  test.  Some 
cements  require  finer  grinding  than  others,  and  the  sand  test,  I 
think,  is  of  the  greatest  value  in  determining  how  the  cement  is 
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going  to  work  with  the  sand,  and  I  trust  the  Committee  will  take 
that  up,  as  I  presume  it  will  later  on,  and  add  to  the  specification. 

Mr.  Kelley : — The  Committee  acknowledges  the  value  of  Mr. 
Churchill's  remark.  We  certainly  wish  to  insert  sand  tests  in 
natural  as  well  as  Portland,  but  we  were  without  positive  in- 
formation. We  could  have  accepted  the  government  specifica- 
tions, or  the  Baltimore  &  Ohio  specifications,  or  somebody  else's, 
but  we  had  no  tests  to  prove  that  it  was  a  conservative  or  proper 
test  to  place  in  it.  I  would  add  that  if  the  members  of  the  Asso- 
ciation will  forward  to  the  chairman  of  the  Committee  any  tests 
they  have  in  respect  to  cement  or  sand  for  either  natural  or 
Portland,  that  the  Committee  would  be  very  glad  to  take  it  into 
consideration.  In  the  case  of  the  government  specification,  they 
say :  "Briquettes  made  of  one  part  cement  and  one  part  standard 
sand  by  weight  shall  develop  a  full  tensile  strength  per  square 
inch  after  seven  days,  60  pounds  ;   after  28  days,  150  pounds." 

Mr.  J.  B.  Berry  (Union  Pacific)  : — Does  the  Baltimore  & 
Ohio  have  a  sand  test  in  their  specifications? 

Mr.  Kelley :— You  will  note  there,  gentlemen,  that  they  have 
called  for  a  cement  and  sand  test  of  28  days  only  50  pounds  less 
than  they  have  with  neat  cement. 

The  President : — The  Baltimore  &  Ohio  specification  says 
that  a  briquette  made  of  two  parts  standard  sand  by  weight  with 
one  part  cement  must  develop  a  strength  in  seven  days  of  at  least 
80  pounds,  and  in  28  days  of  at  least  175  pounds.  The  28  days' 
test  must  in  every  case  show  a  gain  over  the  seven  days'. 

There  is  another  point  that  I  would,  like  to  call  to  the  at- 
tention of  the  Committee,  with  the  request  that  they  give  it  such 
consideration  as  they  deem  advisable,  and  that  is  the  test  of 
temperature  developed.  In  the  specifications  of  the  Big  Four — 
and  I  notice  them  at  the  same  time  in  the  Baltimore  &  Ohio  tests 
now — we  have  limited  the  rise  in  temperature  during  the  manipu- 
lation of  the  test  of  the  cement.  In  the  Big  Four  specification  I 
think  it  is  3  degrees  for  Portland,  and  5,  if  I  remember  rightly, 
for  natural  cement.  And  we  find  it  quite  essential  to  put  that  in, 
on  account  of  the  rapidity  with  which  the  cements,  the  Portland 
especially,  were  got  out  and  put  on  the  market  and  put  into  the 
work.  The  Committee  has  not  in  either  the  Portland  or  natural 
cement  made  any  recommendation  in  regard  to  temperature,  and 

28 
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I  would  like  to  ask  it  to  consider  that  point  in  making-  any  future 
recommendations.  It  might  be  a  good  plan  to  put  both  the  sand 
test  and  the  temperature  in  the  records  to  show  that  those  points 
have  not  been  lost  sight  of  entirely  by  the  Association. 

jNlr.  Churchill : — I  move,  then,  that  the  Committee  be  and 
are  instructed  to  investigate  and  report  on  the  proper  sand  tests 
and  heat  tests  in  the  natural  and  Portland  cements. 

(The  motion  was  carried.) 

The  President : — If  there  is  no  further  discussion  on  the 
method  of  testing,  we  will  pass  on  to  the  consideration  of  "Specific 
Gravity."  If  there  is  no  objection  to  that,  it  will  stand  approved. 
Any  objection  to  the  specification  in  regard  to  "Uniformity?"  If 
not,  it  will  stand  approved. 

That  finishes  the  specifications  for  natural  cement.  Before 
passing  to  the  specifications  for  concrete.  I  would  like  to  ask  if 
there  is  anyone  present  who  has  any  other  suggestions  in  regard 
to  natural  cement  specifications,  whether  mentioned  here  or  not — ■ 
the  same  as  I  did  a  moment  ago  in  regard  to  testing  for  tempera- 
ture— I  think  we  should  discuss  any  question  of  specifications  a? 
fully  as  possible. 

Mr.  H.  W.  Parkhurst  (Illinois  Central)  : — It  seems  to  me 
that  with  both  specifications  for  Portland  cement  and  natural 
cement  we  are  proceeding  on  a  basis  which  is  not  practical  to 
be  carried  out.  That  is,  particularly  in  the  28-day  test,  by  laying 
stress  on  it  as  though  it  should  be  made  invariably  before  accept- 
ing. In  practice  I  think  w-e  accept  cement  on  shorter  tests,  and 
some  attention  should  be  called  to  that  practice,  rather  than  let  it 
stand  without  any  notice.  It  might  be  put  in  this  way,  that  the 
Committee  investigate  whether  it  should  be  desirable  or  practi- 
cable to  make  the  28-day  test  and  require  it  before  the  acceptance 
of  cement,  either  natural  or  Portland. 

Mr.  Berry : — I  do  not  understand  that  the  Committee  insist 
that  each  company  shall  live  up  to  this  specification  before  using 
cement.  They  recommend  the  best  practice  and  leave  it  to  each 
company  to  decide  whether  it  will  wait  28  days  before  using  the 
cement.  In  the  case  of  the  Union  Pacific,  as  soon  as  a  car  of  ce- 
ment arrives  at  Omaha  or  Kansas  City,  a  sample  is  taken  out  and 
a  one-day  test  is  made  at  once.  If  satisfactory — and  especially 
during  the  last  two  years,  when  the  demand  has  been  so  great— 
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we  allow  the  car  to  go  forward.  It  takes  a  week  in  most  cases 
to  reach  its  destination  ;  by  that  time  we  have  the  seven-day  test. 
If  it  fills  both  requirements,  we  use  it  in  the  work.  Then  at  the 
end  of  28  days,  if  we  find  anything  wrong  witli  it,  we  make  our 
criticism  to  the  manufacturer  of  the  cement.  I  think  the  Com- 
mittee has  not  insisted  on  the  method  that  any  company  shall 
adopt  in  the  use  of  cement. 

The.  President : — There  is  one  thing  in  regard  to  j\Ir.  Park- 
hurst's  remarks  which  I  hardly  like  to  have  stand  unchallenged. 
That  is,  that  we  are  proceeding  on  impractical  lines.  If  there  is 
one  thing  that  this  Association  intends  above  all  others  it  is  to 
be  practical.  If  we  are  not  proceeding  on  practical  lines,  the 
sooner  we  change  our  tactics  the  better. 

Mr.  McDonald : — I  think  the  fact  that  the  Com.mittee  has  in- 
serted the  24-hour  test  and  the  boiling  test  is  sufficient  on  that 
point.  Certainly  they  were  not  intended  as  a  final  test,  but  merely 
tentative,  and  the  fact  that  they  put  tl>em  in  there  is  indicative 
that  they  recognize  the  point  of  Mr.  Parkhurst. 

The  President : — We  had  one  carload  of  cement  which,  as 
Mr.  Berry  has  explained,  was  tested  for  the  one-day  test  and  then 
the  seven  days",  and  when  we  came  to  the  28-day  test,  it  fell  just 
short  of  the  28-day  requirements.  When  the  second  sample  was 
sent  for,  the  cement  had  all  been  used. 

Mr.  Berry: — INIay  I  ask  in  what  it  fell  short?  Was  it  con- 
sidered serious  by  the  chairman  at  that  time? 

The  President : — Xo  ;  it  was  simply  suspicious,  and  we  sent 
for  the  second  sample  to  either  confirm  our  suspicions  or  to  see 
that  it  was  all  right.  The  average  of  the  tests  was  all  right,  but 
there  were  one  or  two  of  them  that  were  radically  different  from 
what  we  expected.    That  may  have  been  due  to  some  local  trouble. 

Mr.  Churchill : — You  have  just  made  a  point  there  that  it 
might  be  well  to  talk  about  a  moment.  You  say  the  average 
of  the  tests,  while  one  or  two  of  them  were  suspicious.  The  gen- 
eral practice  is  to  take  the  highest  test  as  a  fair  guide  on  a  sample 
of  cement,  on  account  of  the  personal  equation  that  enters  into 
making  up  the  briquettes,  the  little  variations  in  the  making  or 
placing  in  the  mold.  The  fairest  test  in  the  case  of  cement  is 
the  highest  one  that  you  get  on  a  set  of  brifjuettes.  The  gov- 
ernment allows  all  that,  and  while  we  have  not  touched  on  it  in 
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these  specifications,  I  think  it  is  correct.  If  you  make  up  several 
briquettes  at  one  time,  the  highest  test  from  this  batch  of  cement 
is  undoubtedly  the  correct  guide  for  the  strength  of  that  cement. 

Mr.  Kelley: — I  believe  we  will  all  admit  the  impracticability 
of  holding  our  cement  out  of  the  work  vmtil  the  completion  of  the 
28-day  test,  but  none  of  us  handle  cement  in  such  small  quanti- 
ties from  one  manufacturer  that  one  carload  will  represent  the 
output  of  that  manufacturer.  Now,  the  tests  up  to  the  comple- 
tion of  the  seven-day  test  we  can  follow  and  not  have  the  cement 
enter  the  work  until  it  is  completed.  If  then  we  find  the  cement 
acting  badly  on  the  28-day  test  and  we  find  that  the  particular 
car  tested  has  already  been  placed  in  the  work,  it  throws  suspi- 
cions on  the  entire  balance  of  the  shipment  to  be  received  from 
that  particular  factory,  and  we  are  then  able  under  our  specifica- 
tions to  follow  up  with  the  chemical  tests  and  more  refined  tests 
than  have  been  taken,  in  order  to  determine  whether  the  output 
of  that  particular  niill  "is  of  doubtful  quality.  And  I  believe  all 
engineers  admit  that  in  neither  government  nor  in  private  works 
do  we  ever  attempt  to  hold  our  cement  for  the  28-day  test. 

The  President : — The  point  raised  by  me  in  regard  to  the 
particular  car  to  which  I  referred  was  lack  of  uniformity,  not 
of  strength.    We  will  pass  to  the  specifications  of  concrete. 

Mr.  McDonald : — We  have  spent  a  good  deal  of  time  in  tWo 
previous  meetings  on  the  question  of  concrete,  and  we  have  also 
devoted  a  great  deal  of  time  to  this  Committee's  report,  and  I 
believe  it  would  be  the  sense  of  the  meeting  to  accept  the  re- 
mainder of  the  Committee's  report  as  a  progress  report  and  take 
up  some  other  subject,  and  I  make  a  motion  to  that  effect. 

Mr.  Kelley : — I  trust  the  motion  will  not  be  carried  as  far 
as  one  item  in  oi^ir  specifications  for  concrete  is  concerned. 

Mr.  McDonald : — I  withdraw  the  motion. 

Mr.  Kelley: — We  have  m.ade  quite  a  radical  departure,  ar- 
rived at  after  considerable  investigation  and  much  argument,  and 
we  were  rather  slow  ourselves  in  forming  our  minds.  I  will  read 
from  the  Committee's  report  this  one  item  on  page  5 : 

"In  recommending  the  use  of  a  wet  concrete,  your  Commit- 
tee has  given  the  subject  the  most  thorough  and  careful  inves- 
tigation, and  from  the  preponderance  of  testimony  and  the  indi- 
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vidual  experience  of  its  members  believes  that  the  most  reliable 
and  economical  results  can  be  secured  by  this  method." 

Now,  I  will  read  from  the  specifications,  page  8 : 

"Consistency. — The  concrete  shall  be  of'  such  consistency  that 
when  dumped  in  place  it  will  not  require  tamping;  it  shall  be 
spaded  down  and  tamped  sufficiently  to  level  off  and  will  then 
quake  freely  like  jelly." 

Now,  I  believe  you  gentlemen  will  agree  with  me  that  this 
is  a  very  radical  departure,  and  I  would  dislike  to  see  the  Asso- 
ciation place  this  specification  to  one  side  in  the  whole  report 
without  taking  cognizance  of  the  fact  that  that  is  in  it,  and  if 
you  will  permit  me,  I  will  give  just  a  few  facts  in  this  connec- 
tion. I  have  quite  a  number  of  extracts  of  specifications  from 
various  engineers,  who  have  gradually  departed  from  the  dry 
method  to  the  wet,  and  I  have  before  me  a  very  interesting 
article  that  many  of  the  members  have  read  in  the  Journal  of 
Associated  Engineering  Societies,  upon  "the  tests  of  concrete  for 
elastic  purposes  and  ultimate  strength,"  made  in  the  Washington 
University,  at  St.  Louis,  by  Mr.  W.  H.  Henby. 

Now,  Mr.  Henby  in  this  article  states  that  his  experiments 
show  that  the  dry  concrete  produces  the  highest  results,  but  I 
have  taken  his  entire  list  and  have  eliminated  from  that  only  the 
ones  he  calls  very  dry  and  excessively  wet,  taking  the  items  he 
calls  dry  and  plastic,  as  plastic  is  nearly  the  same  as  what  our 
specifications  require,  and  I  find  that  in  place  of  his  tests  show- 
ing that  the  dry  concrete  gave  the  highest  tensile  strength,  that 
they  show  the  very  reverse — that  in  15  tests  of  dry  concrete 
the  average  was  179.07  pounds  per  square  inch  of  tension.  The 
average  of  26  specimens  of  wet  or  plastic  concrete  gave  181.69 
pounds  per  square  inch.  In  no  case  did  the  plastic  sample  fail 
suddenly  or  without  reasonable  cause.  In  some  instances  the 
dry  samples  did  fail  from  lack  of  adhesion  of  the  mortar  to  the 
stone.  Those  that  failed  I  have  left  out,  giving  the  dry  concrete 
the  full  benefit  of  the  doubt  in  this  matter. 

Now,  in  calling  for  wet  concrete  the  Committee  have  also 
borne  in  mind  another  fact.  We  all  desire  to  have  some  facing 
upon  the  exposed  surface  of  our  structures.  With  the  dry  meth- 
ods the  only  possible  way  to  secure  that  facing  is  by  putting  a 
separate  amount  of  mortar  next  the  forms  and  then  putting  the 
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concrete  inside  of  that  mortar.  If  we  use  a  plastic  matrix  and 
increase  the  amount  of  matrix  a  certain  percentage  over  and 
above  the  actual  voids  in  the  stone,  we  can  secure  a  satisfactory 
and  durable  facing  with  the  ordinary  shovel  method.  I  have  in 
this  connection  some  interesting  data  which  I  have  worked  up 
which  were  taken  from  the  report  of  Mr.  Von  Schoen,  of  the 
American  Society  of  Civil  Engineers,  with  Portland  cement  made 
from  rock  as  distinguished  from  marl.     Thev  are  as  follows  : 


CRUSHING  TESTS  OF  CONCRETE,   THE  AVERAGE  OF  FOUR 

DIFFERENT  SAMPLES  OF  EACH  MIXTURE, 

IN  POUNDS   PER  SQUARE  INCH. 


Mixture 

Class  of 

A 

B 

C 

D 

Used 

Mortar 

equaled  the 

voids 

Mortar  ^</r 

in  excess  of 

the  voids 

Mortar  10? 

in  excess  of 

the  voids 

Mortar  \'^% 

in  excess  of 

the  voids 

Rock 

Marl 

2,009 
2,066 

2  181 

2,327 

2.613 
2,616 

2,941 

2,807 

The  Committee  would  appreciate  an  argument  or  expression 
of  opinion  from  the  Association  upon  this  subject. 

The  President : — Tlie  least  we  can  do  is  to  give  the  Com- 
mittee the  benefit  of  discussion,  as  they  have  asked  for.  This 
is  one  of  the  most  important  reports  that  we  have  before  us. 

Mr.  Loweth : — I  am  in  accord  with  that  part  of  the  Commit- 
tee's report  which  recommends  wet  concrete,  except  for  use  dur- 
ing the  winter  months.  Ordinarily,  the  best  results  for  the  least 
labor  can  be  gotten  with  wet  concrete ;  but  in  the  wintertime  I 
prefer  drier-mixed  concrete,  and  more  pains  put  forth  in  deposit- 
ing it  in  place.  My  own  specifications  in  this  matter  require 
that  concrete  in  the  summer  months  should  be  mixed  wet  enough 
to  quake,  but  in  cold  weather  should  be  mixed  dry  enough  to 
require  thorough  ramming  in  order  to  prevent  voids.  I  think 
the  recommendations  of  the  Comniittee  ought  to  be  modified  along 
some  such  lines,  as  very  wet  concrete  is  much  less  safely  used 
in  freezing  weather  than  a  drv  concrete.    I  do  not  fully  agree  with 
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the  remarks  that  the  chairman  has  just  made,  that  it  is  impos- 
sible to  get  a  good  face  on  the  finished  work  when  dry  mixed 
concrete  is  used,  except  by  putting  a  layer  of  mortar  next  to  the 
form.  In  my  own  experience  I  have  found  that  a  good  smooth 
finished  surface  can  be  obtained  if  enough  care  is  taken  in  spading 
and  otherwise  working  the  concrete  next  to  the  forms  so  as  to 
work  the  coarser  material  away  from  the  forms.  The  labor  re- 
quired to  accomplish  this  is  of  course  greater  with  dry  than  with 
wet  concrete.  I  have  recently  adopted  the  plan  of  paying  one 
man  of  the  several  who  tamp  the  concrete  into  place  lo  to  20 
cents  a  day  more  than  the  other  tampers,  with  the  understanding 
that  he  is  to  pay  especial  attention  to  securing  a  good  finished 
surface  on  the  concrete,  and  when  the  forms  are  removed,  if  he 
has  not  accomplished  this,  another  man  takes  his  place. 

The  President : — Gentlemen,  shall  we  attempt  to  discuss  these 
specifications  of  concrete  item  by  item  ?  The  Committee  suggests 
that  the  one  item  in  regard  to  consistency  is  the  only  radical 
departure  from  present  practice. 

]\Ir.  McDonald: — I  withdrew  my  motion  with  the  under- 
standing that  the  discussion  was  to  be  confined,  to  the  item  of 
consistency. 

The  President : — The  discussion  will  then  be  confined  to  that. 
We  can  well  afiford  to  get  information  on  this  subject.  There 
are  in  progress  in  Cincinnati  at  the  present  time  some  experi- 
ments that  will  be  interesting  and  valuable  in  their  results.  They 
are  putting  up  a  skyscraper,  a  15-story  building,  entirely  steel 
and  concrete — concrete  with  twisted  rods,  imbedded  in  it — and 
thev  are  using  a  very  wet  concrete.  At  the  University  of  Cin- 
cinnati they  have  taken  samples  from  the  concrete  as  it  goes  into 
the  work  at  various  stages  and  at  various  dates,  and  periodically 
thev  are  testing  those.  Prof.  Marx,  who  has  the  testing  under 
his  charge,  will  eventually  make  a  report  upon  the  subject,  and 
it  is  expected  that  those  tests  will  extend  over  a  period  during 
the  entire  construction  of  the  building,  and  that  even  after  the 
construction  is  finished  they  will  have  samples  still  to  be  tested. 
They  have  to  use  wet  concrete  in  order  to  get  the  material  well 
around  the  rods  and  binding  wires,  it  being  impracticable  to  tamp 
it  sufficiently  to  insure  thorough  filling  of  the  spaces. 

]\Ir.  E.  E.  R.  Tratman   (Engineering  News)  :— I  would  like 
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to  point  out  in  regard  to  that  building,  that  while  the  concrete 
is  entirely  too  wet  for  tamping,  it  is  very  thoroughly  stirred  where 
it  is  used  in  the  columns.  They  have  wooden  and  iron  bars  6  or 
8  feet  long,  and  as  the  forms  are  filled  the  concrete  is  kept  churn- 
ing for  five  or  ten  minutes.  I  believe  that  is  mainly  in  order 
to  remove  any  entrained  air  and  also  to  insure  thorough  packing 
of  the  wet  concrete  around  these  twisted  bars.  It  is  absolutely 
impossible  to  tamp  it,  because  it  is  almost  like  water. 

Mr.  McDonald : — I  have  waited  for  some  of  the  gentlemen 
who  live  a  good  deal  further  north  than  I  do  to  reply  to  Mr. 
Loweth  in  regard  to  his  position  about  using  less  water  in  cold 
weather.  I  am  hardly  in  position  to  speak  from  experience  in 
that  line,  but  for  the  climate  where  my  work  is  carried  on  a  large 
dose  of  salt,  about  one  pound  to  a  gallon,  is  sufficent  to  guard 
against  any  mishaps  on  account  of  the  excess  in  the  use  of  water 
under  ordinary  conditions.  I  have  heard  it  said  on  the  floor  of 
this  meeting  of  this  Association  that  the  use  of  a  sufficient  dose 
of  salt  was  all  that  was  necessary  to  guard  against  freezing.  It 
seems  to  me  that  any  attempt  to  change  the  language  of  the  Com- 
mittee's report  on  that  point  is  unnecessary. 

Mr.  Kelley : — I  would  say  personally  that  if  I  am  compelled 
to  put  in  concrete  in  cold  weather  I  use  less  water  than  is  set  forth 
in  the  specification,  but  then  I  do  as  little  zero  concrete  work  as  I 
possibly  can. 

The  President : — A  building  was  being  erected  at  Marietta  or 
Parkersburg,  with  concrete  floors.  After  the  work  was  up  above 
the  second  story  the  proprietor  decided  that  he  wanted  a  higher 
ceiling  to  the  lower  floor,  and  the  people  in  charge  of  the  construc- 
tion work  decided,  in  removing  the  ceiling  (which  was  the  floor 
of  the  story  above)  to  test  it  to  destruction.  The  results  obtained 
were  about  those  expected  except  in  one  particular.  This  floor 
was  put  in  during  the  winter  months,  and  almost  immediately 
after  having  been  put  in  a  decided  change  in  the  weather  came, 
the  thermometer  going  below  zero. 

I  have  in  my  ofiice  a  sample,  of  which  I  will  send  to  the  Com- 
mittee some  of  the  pieces,  of  this  concrete.  These  pieces  show 
distinctly  all  through  it,  in  whichever  way  you  break  it,  the  frost 
crystals  that  resulted  from  the  freezing,  and  it  is  the  most  convinc- 
ing argument  that  I  have  ever  had  advanced  against  doing  con- 
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Crete  in  extremely  cold  weather.  The  sample  is  a  most  interest- 
ing one,  and  I  keep  it  on  my  desk  close  at  hand  to  show  my  visi- 
tors and  callers  who  are  interested  in  the  subject. 

That  was  a  case  where  there  was  no  admixture  of  salt  or  any- 
thing- else  put  in  the  concrete.  It  was  used  very  wet,  and  putting 
it  in  was  followed  by  one  of  those  sudden  changes  which  we  have, 
where  the  thermometer  went  below  zero  within  a  few  hours 
after  it  was  put  in  place. 

Mr.  G.  A.  Mountain  (Canada  Atlantic)  : — Speaking  of  this 
clause  of  consistency,  in  my  opinion  it  is  too  wet.  In  mixing  and 
in  depositing  any  distance  with  a  wheelbarrow  and  tamping  into 
the  caisson  or  mold  I  find  that  when  concrete  is  made  as  wet  as 
this  and  the  sand  is  at  all  coarse,  the  sand  remains  in  the  bottom 
of  the  barrow  until  it  is  shoveled  out.  In  other  words,  you  do 
not  get  the  thorough  mixture.  I  would  like  to  hear  some  views 
as  to  the  sand  remaining  owing  to  the  very  moist  consistency  of 
the  mixture. 

Mr.  Kelley : — This  is  one  feature  that  I  am  very  glad  has  been 
brought  up.  I  think  Mr.  Mountain  misunderstands  what  the 
Committee  meant  by  wet  concrete  when  he  states  that  such  physi- 
cal separation  could  take  place.  We  do  not  mean  a  concrete  that 
will  flow  out  and  separate  itself.  We  mean  a  concrete  in  which 
the  mortar  is  so  plastic  that  it  will  not  hold  its  form,  but  when 
dropped  will  not  flow  out  from  between  the  interstices  of  the 
stone,  and  that  when  dumped  in  place  and  spaded  down  you 
are  not  obliged  to  wear  hip  boots,  but  if  you  wear  shoes,  your  feet 
would  get  wet.  It  is  just  a  little  sloppy  on  top;  it  quakes  freely. 
Concrete  as  wet  as  Mr.  Mountain  speaks  of,  if  dumped  in  place, 
would  hardly  quake  at  all ;  it  would  lie  there  an  inert  mass.  We 
do  not  recommend  that  kind  of  concrete. 

The  President : — I  will  ask  the  Association  to  vote  upon 
receiving  the  report  of  the  Committee  as  printed. 

(Carried.) 

Mr.  Cushing: — I  would  like  to  ask  that  the  Committee  be 
requested  to  study  the  matter  of  adding  salt  to  mortar  and  con- 
crete for  winter  work.  I  have  read  a  good  deal  on  the  subject 
and  find  a  great  deal  of  conflicting  testimony,  and  it  seems  to  me 
it  would  be  very  interesting  if  we  could  have  the  matter  pretty 
well  settled  by  careful  study  on  the  part  of  the  Committee. 
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:\lr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  would  like  to  ask 
whether  the  adoption  of  the  report  is  as  a  progress  report,  or  does 
the  adoption  of  it  include  in  the  report  the  recommendations  of  the 
Committee  relative  to  adopting  these  specifications? 

The  President : — The  specifications  for  concrete  have  been 
accepted  as  a  progress  report.  We  have  adopted  the  recom- 
mendations of  the  Committee  as  standard  so  far  as  the  specifica- 
tions for  natural  and  Portland  cement  and  so  far  as  the  con- 
sistency of  concrete  are  concerned ;  the  remainder  of  the  report 
has  been  accepted  as  a  progress  report. 

Air.  Cushing: — I  think  Mr.  Berg  is  right.  I  do  not  think 
we  are  accepting  any  of  this  except  as  a  progress  report,  because 
in  each  subject  we  have  considered  and  asked  the  Committee 
to  revise  and  consider  various  points  in  regard  to  specifications. 
Therefore,  we  evidently  do  not  regard  them  as  complete  yet.  I 
think  that  even  the  report  on  Portland  cement  and  natural  cement, 
as  well  as  the  concrete  work,  should  be  regarded  as  progress  work. 

The  Pfesident : — I  understand  this  report  is  to  be  accepted  as 
a  whole ;  but  only  those  parts  and  items  that  have  been  acted  upon 
are  to  be  adopted.  If  we  do  not  adopt  anything  until  we  have 
it  complete,  we  shall  never  get  anything  done — no  report  will  De 
adopted.  I  think  we  should  adopt  the  portions  of  this  report 
which  have  been  acted  on,  and  accept  those  portions  which  have 
not  been  acted  on  as  a  progress  report. 

Mr.  Berg : — That  is  the  |X)int  I  am  getting  at — that  we 
should  either  stamp  our  approval  on  this  report  or  not  approve 
it.  and  not  fear  to  express  our  approval,  and  not  fear  to  say  we 
do  not  adopt  it.  As  it  stands,  it  might  be  inferred  one  way  or 
another,  that  we  have  approved  the  specifications  or  have  not 
approved  the  specifications,  and  it  is  uncertain.  In  all  reports 
where  conclusions  are  concisely  given,  at  the  end  of  the  report 
we  have  made  a  point  of  adopting  or  rejecting  the  conclusions. 
We  should  vote  on  these  conclusions  and  let  them  be  in  harmony 
with,  the  decision  we  have  reached,  and  then  it  will  be  absolutely 
understood  what  we  have  done.  I  think  the  Committee  should 
present  now  certain  conclusions,  in  accordance  with  the  action 
taken,  and  they  should  be  adopted. 

Mr.  Cushing: — I  think  it  is  our  duty  to  see  that  the  parts 


FOURTH  ANNUAL  CONVENTION.  443 

which  have  been  discussed  are  laid  before  our  members  in  our 
Proceedings  as  a  guide  in  making  up  specifications.  As  inti- 
mated by  the  President  yesterday  in  his  remarks,  we  should  have 
these  definite  recommendations,  conclusions,  specifications,  etc., 
collected  together  in  such  a  way  that  we  will  know  where  to  look 
for  them  readily,  so  that  they  can  be  considered  as  the  standards 
of  the  Association,  subject  to  change  in  the  same  way  that  the 
interchange  rules  of  the  American  Railway  Association  are.  I 
do  not  think  we  should  consider  these  specifications  in  that  light 
as  yet,  when  we  have  freely  admitted  here  we  want  a  few  other 
points  considered.  After  those  points  are  considered  I  think 
these  will  be  in  shape  to  be  printed  as  our  standard  specifications 
and  added  to  the  collection  of  recommendations,  conclusions  and 
specifications  which  we  expect  to  have,  according  to  the  chairman's 
remarks,  which  I  think  is  a  very  excellent  idea,  and  then  they  are 
ready  to  be  taken  as  the  standards  of  the  Association  and  changed 
later  on,  if  necessary ;  but  we  do  not  all  of  us  feel  that  these  speci- 
fications are  exactly  complete  yet,  but  they  are  useful  for  guidance. 

Mr.  Kelley: — I  believe  the  Committee  agrees  with  both  Mr. 
Gushing  and  Mr.  Berg.  In  offering  these  specifications,  we 
distinctly  offered  them  as  provisional  specifications  only,  to  be 
altered  or  amended  as  further  investigations  and  later  informa- 
tion warranted  us  in  doing.  I  believe  that  the  conclusions  reached 
should  be  modified  to  that  extent — that  the  specifications  for 
Portland  and  natural  cement  be  accepted  by  the  Association  as 
provisional  specifications,  to  be  amended  in  the  future.  The 
same  would  probably  apply  to  the  definition  of  masonry  terms ; 
there  are  some  features  in  that  when  brought  up  which  will  require 
revision. 

Mr.  Berg: — I  move  that  the  following  be  adopted  as  the  con- 
clusions on  this  subject: 

"Conclusions. — In    conclusion   your   Committee   recommends : 

"i.  That  the  definitions  of  masonry  terms  be  received  as  informa- 
tion and  .1  progress  report. 

"2.  That  the  specifications  for  Portland  and  natural  ccukmU  ho 
adopted  by  the  Association  as  a  recommended  provisional  standard. 

"3.  That  the  specifications  for  concrete  be  received  as  inft)nnation 
and  a  progress  report." 

(The  conclusions  as  amended  were  adopted.) 
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The  President : — Is  there  anything  further  in  regard  to  the 
report  which  is  desired  to  be  presented?  Are  there  any  further 
instructions  to  the  Committe  for  future  guidance? 

Ad!r.  Berry : — The  late  Marcus  Daly  said  in  the  speaker's 
presence  once  in  Butte,  Montana,  in  answer  to  an  inquiry,  that  he 
was  not  "throwing  bouquets  that  day."  I  believe  to  a  great 
extent  in  what  he  said ;  but  I  want  to  make  an  exception  in  this 
case,  and  move  that  a  vote  of  thanks  of  this  Association  be  ten- 
dered to  this  Committee  for  the  unusuallv  accurate  character  of 
this  report,  for  the  carefulness  they  have  shown  in  its  prepara- 
tion, and  for  their  recommendations. 

The  President : — I  do  not  think  that  motion  needs  much  dis- 
cussion. 

(The  motion  was  carried.) 

Mr.  Kelley : — As  chairman  of  the  Committee  on  Masonry, 
I  am  glad  to  express  to  the  Association  our  sincere  appreciation  of 
the  manner  in  which  this  report  has  been  received,  and  of  your 
kindness  in  passing  this  resolution. 

Mr.  E.  H.  Shipman  (Hydraulic  Engineer,  Lehigh  Valley — 
by  letter)  : — I  hope  I  do  not  lay  myself  open  to  the  charge  of 
being  hypercritical  by  saying  that  I  think  the  definition  of  con- 
sistency in  the  report  on  Masonry  falls  considerably  short  of  ex- 
pressing clearly  the  meaning  intended  to  be  conveyed. 

The  idea  of  consistency  to  be  conveyed,  as  I  upderstand  it,  is 
that  the  mass  of  concrete  should  approach  what  is  known  in 
scientific  phrase  as  a  viscous  fluid ;  that  state  of  matter  existing  be- 
tween the  solid  state  in  which  the  particles  of  a  body  after  separa- 
tion by  some  external  force  still  retain  a  determinate  form,  and 
are  solids,  and  that  of  a  perfect  liquid  which,  by  reason  of  the 
equilibrium  between  particles,  is  put  in  motion  by  the  slightest 
external  force,  and  continues  so  until  the  external  forces  acting 
on  the  particles  are  themselves  brought  into  equilibrium.  In 
forming  a  definition  for  consistency  of  concrete,  I  would  prefer 
to  regard  the  entire  mass  as  a  viscous  fluid,  thereby  retaining  the 
idea  of  the  same  degree  of  cohesion  existing  between  the  stone 
and  the  smaller  particles  of  mortar  as  exists  between  the  particles 
of  sand  and  cement.  The  notion  conveyed  by  the  Committee's 
definition  is  that  of  a  definite  number  of  small  solids  (the  broken 
stone)  developed  by  a  viscous  fluid   (the  mortar). 
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The  degree  of  viscosity  in  materials  ranges  from  that  ob- 
served in  pitch,  tar,  etc.,  to  refined  oils  and  the  like,  and  it  may 
be  objected  that  a  general  definition  of  consistency  for  concrete 
covering  any  such  wide  range  as  this  would  have  no  practical 
value,  but  I  do  not  think  this  objection  has  much  force.  The 
limits  fixed  by  such  a  specification  are  definite,  and  can  be  readily 
observed  during  the  mixing  of  concrete.  This  definition  on  tho 
one  hands  draws  the  line  at  and  shuts  out  a  concrete  mixture 
which,  while  having  some  plasticity  and  cohesion  among  parti- 
cles, still  lacks  them  enough  to  require  a  more  or  less  prolonged 
and  severe  ramming,  with  a  view  of  bringing  all  the  particles  into 
intimate  contact.  My  own  opinion  is  and  has  always  been  that  a 
mixture  so  dry  as  to  require  any  considerable  ramming  might  be 
pounded  everlastingly  without  bringing  it  anywhere  near  the 
compactness  to  be  obtained  in  a  mixture  prepared  so  that  it  does 
not  need  any  more  ramming  than  is  unavoidable  in  placing  and 
leveling  it.  The  other  limit  of  the  definition  is  that  the  mixture 
should  not  flow  so  freely  that  the  particles  in  contact  will  become 
disengaged  or  separated  from  each  other.  Practically  this  limit 
would  never  be  reached  except  through  a  blunder  or  gross  care- 
lessness, because,  for  ease  of  handling,  placing  and  retaining  in 
the  forms,  a  contractor  would  never  want  to  make  a  mixture  so 
thin  that  it  would  come  anywhere  near  this  limit.  As  to  the  lati- 
tude allowed  by  the  definition,  I  think  this  entirely  proper,  as  it 
is  frequently  necessary  to  vary  the  consistency  of  the  mixture 
on  the  same  job,  on  account  of  weather  conditions  or  for  other 
reasons. 

Without  going  into  a  criticism  of  the  phraseology  of  the 
Committee's  definition,  I  would  suggest  comparing  it  with  the 
definition  following : 

"The  consistency  of  concrete  shall  be  such  that,  when  dumped,  the 
entire  mass  will  readily  change  its  form,  but  without  flowing  freely 
enough  to  destroy,  alter  or  affect  the  coherence  of  any  of  its  parts.  The 
concrete,  immediately  after  dumping,  should  be  spread  by  spading  down, 
without  casting,  and  leveled  by  the  least  amount  of  tamping  which  will 
bring  it  to  a  uniform  surface  that  quakes   freely  under  the  rammer." 

Mr.  J.  P.  Snow  (Boston  &  Maine — by  letter)  : — I  regret  that 
our  Association  tacitly  approves  the  nomenclature  used  by  the 
Committee  in  defining  the  various  grades  of  stone  masonrv.     The 
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reports  for  three  years  have  used  first,  second  and  third  class,  and 
this  year  a  fourth  class  is  proposed.  I  do  not  like  these  terms,  as 
they  can  have  no  precise  meaning.  Moreover,  the  terms  first 
class  and  second  class  have  come  to  have  specific  meanings  of  the 
best  and  poorer.  Now  second-class  masonry,  as  defined  in  this 
gear's  report,  may  be  every  whit  as  good  as  first  class.  It  may 
be  laid  in  broken  courses  to  accommodate  the  run  of  the  quarry 
where  the  stones  are  procured,  or  it  may  be  so  laid  to  produce  a 
rustic  effect.  If  laid  as  well  as  regular  coursed  work,  it  will  be 
just  as  strong  and  should  not  be  stigmatized  by  the  epithet  "'second 
class." 

These  designations  will  trouble  us  in  classifying  old  masonry. 
All  of  us  know  of  closely-cut  coursed  masonry  which  is  laid  dry. 
This  might  be  called  first  or  fourth  class  under  the  definitions  in 
the  report. 

The  classes  as  defined  are  broad  generic  divisions.  I  see  no 
occasion  for  using  such  terms,  inasmuch  as  each  particular  I'ob 
must  be  more  definitely  described  in  order  to  show  precisely  what 
is  wanted.  It  is  as  reasonable  to  divide  concrete  into  a  range  of 
classes  as  it  is  to  so  divide  stone  masonry,  but  unless  a  very  large 
number  of  classes  are  used  they  will  mean  nothing.  There  are  a 
multitude  of  variations  and  combinations  in  stone  masonry  as 
well  as  in  concrete,  and  I  see  no  scientific  need  of  class  divisions 
in  one  more  than  the  other.  Each  grade  must  be  described  in  the 
specification  in  order  to  convey  a  common  meaning  to  the  various 
parties  connected  with  the  work. 

On  very  extensive  work,  where  convenience  requires  groups, 
to  which  individual  items  can  be  referred,  certain  names  must  be 
adopted ;  but  cut  and  rock-faced  ashlar,  coursed  and  broken 
coursed  work,  range  and  random  rubble,  etc.,  would  seem  to  be 
much  better  than  first,  second  and  third  class. 

Prof.  W.  D.  Taylor  (University  of  Wisconsin — by  letter}  : — 
The  report  of  the  Committee  on  Masonry  is  so  nearly  perfect,  so 
far  as  our  present  knowledge  of  the  subjects  of  cement  and  con- 
crete goes,  that  it  must  have  been  an  oversight  that  the  specifica- 
tions for  Portland  cement  concrete  should  fail  to  include  an  im- 
portant principle  which  was  clearly  brought  out  in  the  discussion 
of  the  Committee's  report  a  year  ago.  To  make  a  long  story 
short,  the  writer  intended  to  offer  in  lieu  of  the  diagram  for  struc- 
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ture  and   in   lieu   of  the   last   clause  of  these   specifications,   the 
following : 

Proportioning.— The  correct  proportions  of  the  ingredients  for  each 
piece  of  work  having  been  determined  by  the  engineer,  the  method  of 
measuring,  whether  by  weight  or  volume,  and  if  by  volume,  whether  by 
packed  or  loose  volume,  shall  be  clearly  stated  as  indicated  on  the  dia- 
gram of  structure  below,  the  methods  of  measurement  not  used  being 
erased. 


• 
Parts  by  Weight— Volume. 

STRUCTURE 

Packed 

Loose 

Cement 

Packed 
Loose 
Sand 

Packed 
Loose 
Gravel 

Packed 
Loose 

Broken 
Stone 

It  ought  to  be  pretty  well  known  now  that  to  put  in  a  specifi- 
cation the  clause,  "The  concrete  shall  be  mixed  in  the  proportions 
of  I  cement,  3  sand,  and  6  broken  stone,"  may  mean  a  i^ood  deal 
dififerent  things  when  the  "standard"  way  of  making  these  meas- 
urements varies  so  much  in  different  parts  of  the  country. 

Mr.  H.  G.  Kelley  (Minneapolis  &  St.  Louis — replying  to 
Prof.  Taylor's  discussion)  : — The  Committee  believes  that  the 
first  requisite  of  specifications  is  simplicity,  and  that  the  diagram 
for  structure  proposed  by  him  would  not  be  as  clear  as  the  dia- 
gram presented  by  the  Committee,  taken  in  connection  with  the 
last  paragraph  of  the  specifications.  In  this  paragraph  it  is  stated 
clearly  that  the  proportion  of  the  materials  in  the  concrete  shall  be 
as  specifically  called  for  by  the  contract,  etc.,  and  then  adds  that 
the  volume  of  cement  is  to  be  based  upon  the  actual  cubic  contents 
of  one  barrel  of  specified  weight.  The  Committee  believes  that 
this    is    entirely    clear    and  by  referring  to  the  specifications  for 
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cement,  under  the  paragraph  relating  to  weight,  we  do  not  see 
how  the  intent  could  be  rendered  more  clear  or  simple. 

We  must  always  bear  in  mind  the  practical  application  in 
the  field  of  the  specifications  for  our  work,  and  it  would  be  im- 
possible to  secure  from  a  contractor  or  even  from  the  company 
forces  any  special  method  of  packing  or  settling  the  sand,  gravel 
or  broken  stone  constituents,  and  we  all  realize  that  the  condition 
in  which  our  material  must  be  used  is  simply  as  it  is  delivered 
into  a  wheelbarrow  from  shovels  or  hoppers,  and  that  the  proper 
proportion  of  materials  for  this  condition  can  always  be  deter- 
mined accurately  prior  to  the  beginning  of  the  work. 

The  President : — There  are  nine  reports  which  have  not  been 
taken  up,  and  it  is  essential  that  we  have  some  kind  of  a  business 
meeting  to  discuss  the  affairs  of  the  Association.  I  would  like 
the  sense  of  the  meeting  as  to  Avhat  we  shall  do.  I  offer  as  a  sug- 
gestion that  the  reports  of  the  committees  which  have  not  been 
discussed  be  presented  by  title  and  received  as  progress  reports, 
and  that  we  devote  the  balance  of  the  session  this  morning  to  dis- 
cussing the  affairs  of  the  Association.  This  afternoon  we  have 
the  election  of  officers,  and  some  routine  business  to  atteml  to, 
but  from  my  talk  with  a  number  of  members  it  seems  the  after- 
noon session  will  not  be  as  largely  attended  as  the  present  one. 

Mr.  Gushing: — I  move  that  all  of  the  papers  be  printed  in 
the  Proceedings,  prefaced  by  a  note  indicating  they  have  been 
received  without  discussion,  so  there  will  be  no  misunderstand- 
ing in  regard  to  it. 

(The  motion  was  carried.) 

Mr.  McDonald : — In  order  to  learn  what  the  chances  are  for 
a  large  attendance  this  afternoon,  I  move  that  the  business  of  the 
convention  be  discussed  at  the  afternoon  session,  and  that  the 
remainder  of  the  morning  session  be  devoted  to  the  discussion  of 
papers. 

Mr.  W.  McNab  (Grand  Trunk)  :— Might  I  suggest  that  a 
standing  vote  be  taken  in  order  to  get  an  idea  of  the  number  of 
members  who  will  be  here  the  whole  of  the  afternoon,  and  those 
who  will  be  here  for  only  a  part  of  it? 

(The  question  was  put,  and  2.2  members  rose.) 

The  President : — It  requires  25  members  for  a  quorum ;  with 
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only  22  members  present,  we  would  be  getting  dangerously  near 
the  elastic  limit. 

Mr.  jMcDonald : — I  move  the  meeting  proceed  with  the  dis- 
cussion of  business. 

Mr.  Berg: — I  second  the  motion,  and  think  it  would  be  dan- 
gerous to  take  chances  for  a  quorum  this  afternoon — it  might 
leave  the  x\ssociation  in  a  very  queer  position. 

(The  motion  was  carried.) 

The  President : — The  item  of  business  now  in  order  is  new 
business.  I  would  like  to  hear  from  the  members  as  to  any  new 
business  they  may  have  to  offer. 

Mr,  McNab: — I  have  a  resolution  to  propose  which  it  appears 
to  me  would  be  more  advisable  to  emanate  from  the  general  meet- 
ing rather  than  from  the  Board  of  Direction.  The  Board  may  do 
something  also  in  the  premises,  but  I  think  the  motion  I  have  to 
make  is  proper  at  the  present  time. 

"Resolved,  That  inasmuch  as  our  esteemed  Secretary,  Mr.  L.  C. 
Fritch,  has  been  compelled  through  ill  heahh  temporarily  to  give  up  the 
active  duties  of  his  office,  this  Association  desires  to  express  its  sense 
of  appreciation  of  Mr.  Fritch's  services  in  the  past,  and  its  regret  at  the 
cause  of  his  absence  from  the  convention,  and  the  hope  that  he  may 
soon  be  restored   to   perfect  health." 

The  President: — Perhaps  a  word  of  explanation  is  necessary 
to  those  who  are  not  acquainted  with  Mr.  Fritch,  our  Secretary. 
Owing  to  a  sucession  of  circumstances,  each  very  trying  in  itself, 
he  has  suffered  from  nervous  prostration  and  at  the  present  time 
is  still  confined  to  his  home  on  account  of  it.  It  is  our  hope  and 
expectation  that  the  malady  is  but  temporary,  and  that  he  will  be 
about  again  in  the  near  future,  and  be  able  to  resume  his  duties. 
The  motion  is  very  well  timed. 

(The  motion  was  carried.) 

Mr.  McNab : — Arising  out  of  that  motion,  I  have  another  to 
propose : 

"Resolved,  That  on  account  of  the  illness  of  the  Secretary,  this  Asso- 
ciation considers  that  it  would  be  well  to  appoint  Mr.  E.  H.  Fritch  to  act 
as  Secretary  during  the  ensuing  year,  or  until  such  time  as  the  Secre- 
tary is  able  to  resume  the  active  work  of  his  office." 

In  connection  with  this  motion,  I  would  like  to  say  that  any- 
one who  has  had  to  do  with  the  committee  work  of  the  Associa- 
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tion,  will  appreciate  the  special  services  which  Mr.  E.  H.  Fritch 
renders  to  us.  Personally  I  do  not  know  of  any  more  painstaking 
official  in  any  organization,  or  a  more  faithful  one,  than  the  gen- 
tleman who  has  been  acting  as  Assistant  Secretary.  As  it  is 
somewhat  indefinite  when  the  Secretary  will  resume  the  duties  of 
his  office,  it  would  be  well  to  have  some  person  authorized  by  the 
Association  to  perform  the  duties  of  that  office.  That  is  the 
object  I  have  in  offering  this  resolution. 

The  President : — In  regard  to  that  motion,  I  would  say  that 
so  far  as  the  Board  of  Direction  is  concerned,  the  members  of  the 
Board  are  so  located  geographically,  and  so  situated  in  a  business 
way,  that  it  is  impracticable  for  them  to  all  attend  the  meetings 
of  the  Board,  and  sometimes  it  has  been  difficult  to  get  a  quorum 
of  the  Directors  in  order  to  transact  the  business  of  the  Associa- 
tion. We  have  always  heretofore  counted  on  the  presence  of  the 
Secretary,  and  while  he  is  temporarily  incapacitated,  it  would  be 
of  very  much  benefit  to  the  Board  to  have  a  Secretary  pro  tern., 
who  could  act  with  the  Board,  and  so  help  to  make  a  quorum. 

(The  motion  was  carried.) 

Mr.  Gushing: — I  would  like  to  hear  some  remarks  from  the 
President  as  to  how  the  Association  is  to  work. 

The  President: — Mr.  Gushing  has  asked  for  some  remarks 
from  the  President  as  to  how  the  Association  is  to  work.  It  is  not 
an  easy  matter  to  say  in  a  few  words  just  what  shall  be  done. 
We  are  all  thoroughly  convinced,  or  if  we  are  not,  we  ought  to 
be,  that  we  have  got  to  follow  some  different  plan  to  accomplish 
all  we  set  out  to  accomplish.  We  have  either  got  to  set  out  to 
accomplish  less  and  get  done  with  it,  or  follow  some  other  methods 
of  accomplishing  what  we  endeavored  to  do  at  this  meeting.  The 
large  number  of  committees  that  we  have,  fifteen  in  all,  makes  it 
impossible  to  have  reports  from  all  of  them  presented  and  digested 
as  they  ought  to  be,  and  acted  on  in  each  convention.  The  start 
that  has  been  made  in  printing  the  Bulletins  and  getting  the 
reports  before  the  members  was  a  good  one,  and  great  hopes  were 
entertained  of  the  results,  but  as  is  usually  the  case,  where  every- 
body is  busy,  the  committee  work  was  not  completed  in  time  to  get 
many  of  the  reports  before  the  members  very  far  in  advance  of 
the  meeting.  We  are  in  shape  now  to  get  these  reports  which 
have  not  been  acted  upon    before  the  members  in  Bulletin  form 


FOURTH  ANNUAL  CONVENTION.  451 

with  written  discussions.  There  will  be  less  to  be  done  at  the 
next  convention  in  the  way  of  discussing  the  reports  in  general, 
and  our  attention  can  be  devoted  purely  and  simply  to  the  con- 
clusions. When  we  get  our  work  so  in  hand  that  we  can  devote 
our  attention  entirely  to  the  conclusions,  then  I  think  we  shall  have 
made  a  great  step  in  advance.  It  is  no  easy  task  to  bring  it  about, 
but  something  of  that  sort  must  be  done.  The  Association  this 
year  has  had  the  best  papers  that  it  has  had  at  any  of  its  meetings, 
and  I  have  no  regret  that  we  have  spent  our  time  in  discussing 
and  acting  upon  them.  It  would  have  been  a  mistake  to  cut  short 
any  report,  but  our  experience  at  this  meeting  emphasizes  the  fact 
that  we  are  attempting  to  do  too  much  in  a  convention  of  two  or 
three  days.  There  are  a  good  many  matters  of  detail  that  the 
Board  of  Direction  has  discussed  and  is  trying  to  solve,  but  they 
are  matters  of  detail  merely.  The  results  of  the  Association  work 
are  summed  up  in  the  reports  and  the  actions  upon  them.  I  should 
be  glad  to  hear  from  different  members  of  th^  Association  as  to 
views  entertained  by  them.  They,  of  course,  look  at  these  reports 
from  a  different  point  of  view  from  that  which  the  Board  of 
Direction  views  them,  and  it  would  be  a  very  great  help  and  advan- 
tage to  the  Board  to  have  a  free  expression  from  the  members  as 
to  what  methods  should  be  pursued  in  handling  our  business  in 
future. 

Mr.  Berg : — It  would  seem  desirable  for  the  Board  of  Direc- 
tion to  consider  the  advisability  of  adopting  a  rule  that  no  con- 
clusions or  recommendations  contained  in  reports  of  standing  or 
special  committees  shall  be  voted  upon  at  a  convention  as  to  their 
adoption,  unless  such  reports  have  been  printed  and  distributed 
to  the  members  at  least  six  weeks  prior  to  the  convention.  All 
reports  received  too  late  for  such  distribution  shall  be  presented 
at  the  convention,  and  may  be  discussed  at  the  convention,  and  any 
recommendations  or  conclusions  they  may  contain  may  be  received 
for  information  or  as  a  progress  report ;  but  there  shall  be  no  vote 
on  the  adoption  of  such  conclusions  or  recommendations  at  the 
convention ;  but  such  vote,  if  desired,  shall  be  postponed  until  the 
next  convention. 

Further,  written  discussions  on  any  of  the  reports  distributed 
to  the  members  prior  to  the  convention  shall  be  printed,  as  far  as 
practicable  to  do  so.  and  distributed,  and  considered  in  connection 
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with  the  reports.  From  the  advance  information  that  the  Board 
of  Direction  will  thus  have  as  to  what  reports  will  be  presented 
for  full  discussion  of  the  convention,  and  what  reports  will  be 
presented  as  progress  reports,  the  Board  of  Direction  will  deter- 
mine, and  publish  ahead  of  the  convention  the  best  program  and 
approximate  assignment  of  time  for  calling  up  reports,  according 
to  their  importance,  their  character  and  the  probable  time  that 
should  be  allowed  for  their  discussion.  In  other  words,  a  time 
and  day  would  be  set  for  calling  up  such  reports  that  would  be 
discussed  with  a  view  to  adopting  certain  recommendations  and 
conclusions,  and  all  other  reports  to  be  received  as  progress  reports 
would  be  used  to  fill  in  between  or  after  the  consideration  of  the 
important  reports. 

The  President : — Mr.  Berg's  remarks  are  very  good,  and 
something  on  that  order  has  been  under  discussion  by  the  Board. 
The  suggestion  in  regard  to  the  program,  from  my  intimate 
knowledge  of  the  working  of  the  affairs  of  the  Association,  I 
hardly  feel  like  approving.  We,  heretofore,  have  strenuously 
avoided  any  printed  program  of  our  convention.  This  year,  a 
provisional  program  was  printed,  and  we  have  disregarded  it. 
While  it  is  a  comparatively  easy  matter  for  the  Board  to  say  we 
shall  devote  one  hour  or  two  hours  to  the  discussion  of  a  certain' 
subject,  we  ought  not  to  sacrifice  discussion  for  the  sake  of  fol- 
lowing a  program.  Take,  for  instance,  the  report  on  Masonry;  it 
would  have  been  unwise  to  have  shut  off  the  discussion  on  that 
report  one  minute  earlier  than  we  did,  even  though  it  had  been 
specified  that  the  report  should  be  discussed  for  only  two  hours. 
While  it  would  be  an  ideal  thing  to  be  able  to  make  a  program,  it 
would  be  quite  a  different  thing  to  be  able  to  stick  to  it.  Mr. 
Berg's  idea  in  regard  to  having  the  papers  and  conclusions  which 
are  to  be  acted  on  in  the  hands  of  the  members  a  certain  specified 
time  in  advance  of  the  convention  is  a  good  one. 

Mr.  Berg : — Such  a  rule  would  enable  us  to  get  the  reports  of 
the  committees  in  the  hands  of  the  members  in  good  season,  and 
give  the  members  an  opportunity  to  fully  consider  the  recom- 
mendations and  conclusions.  The  adoption  of  such  a  rule  would 
force  the  committees  to  get  the  reports  in  the  hands  of  the  Sec- 
retary in  time  for  distribution  to  the  members ;  and  if  the  report  is 
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not  submitted  at  such  time,  it  would  be  received  simply  as  a 
progress  report. 

The  President : — To  have  the  reports  of  the  committees  in 
the  hands  of  the  members  six  weeks  in  advance  of  the  meeting, 
it  would  require  the  report  to  be  in  the  hands  of  the  Board  at 
least  thirty  days  sooner  for  the  supervision  that  such  reports  de- 
serve at  the  hands  of  the  Board.  Owing  to  the  time  the  reports 
have  come  out  this  year,  it  has  been  entirely  out  of  the  question 
for  the  Board  to  take  any  action  in  regard  to  the  reports  in  ad- 
vance of  the  meeting.  As  soon  as  they  were  received  they  had 
to  be  sent  out  in  order  to  get  them  in  the  hands  of  the  members 
at  all.  I  believe  you  can  get  such  service  of  supervision  from  the 
Board,  if  they  have  time  to  look  over  and  digest  the  reports  be- 
fore they  go  out  for  the  first  discussion,  at  least  before  they  are 
placed  before  the  convention  for  action. 

!\Ir.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie)  : — I  suggest 
that  such  a  rule  as  ]\Ir.  Berg  recommends  had  better  be  prepared 
by  the  Board  of  Direction  than  by  the  convention.  The  Board 
of  Direction  can  give  it  careful  consideration,  which  is  out  of 
the  question  in  the  convention. 

Mr.  Gushing :- — As  a  suggestion  to  carry  out  Mr.  Berg's 
idea  in  practice,  with  which  I  heartily  agree,  I  find  in  committee 
work  that  the  one  year's  time  given  to  a  committee  is  perhaps 
a  little  too  short ;  and  as  we  have  such  a  large  number  of  com- 
mittees, it  seems  to  me  we  must  adopt  some  way  of  curtailing  the 
work.  It  is  exceedingly  desirable  to  have  all  these  reports  in  the 
hands  of  the  members  at  the  time  specified':  but  we  can  not  pos- 
sibly discuss  them  all  as  they  should  be  discussed  in  the  time 
allotted  for  our  meetings,  or  in  the  time  we  would  care  to  spend 
at  the  meetings.  We  can  not.  any  of  us,  devote  the  necessary 
time  to  do  it.  I  have  two  suggestions  for  a  practical  solution  of 
the  trouble.  The  first  is,  reduce  the  number  of  committees.  I 
think  there  are  three  or  four,  possibly  five,  which  could  be  con- 
solidated. I  have  not  given  the  subject  sufficient  study  to  say  it 
is  entirely  practicable,  but  as  an  illustration  of  what  I  mean,  I 
think  the  Committee  on  Roadway  and  the  Committee  on  Ballast- 
ing could  be  consolidated.  When  it  comes  to  making  a  standard 
cross-section  for  our  roadbed  and  bank,  we  want  them  on  the 
same  plan ;  we  do  not  want  the  bank  from  one  committee  and  the 
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ballast  from  the  other.  I  think  the  work  lies  together,  and  these 
committees  should  be  consolidated.  We  have  had  but  little  re- 
port from  the  Committee  on  Ballasting  as  yet,  and  I  think  the 
work  of  the  two  committees  could  be  well  put  into  one.  I  suggest 
also  that  the  Committee  on  Uniform  Rules,  Organization,  Titles, 
etc.,  could  be  consolidated  with  the  Committee  on  Records,  Re- 
ports and  Accounts.  I  would  also  think  that  the  Committee  on 
Wooden  Bridges  and  Trestles  and  the  Committee  on  Ties  could 
be  consolidated.  When  it  comes  to  the  preservation  of  timber, 
vou  can  not  divorce  one  from  the  other,  and  the  preservation  of 
timber  is  one  of  our  large  studies  at  the  present  time,  and  will 
continue  to  be  so.  I  think  we  have  more  committees  at  present 
than  we  can  properly  handle.  As  a  further  plan  I  would  say. 
divide  these  committees  after  consolidation,  so  that  they  will  each 
have  two  years  in  which  to  report. 

Mr.  W.  W.  Curtis  (Consulting  Engineer)  : — The  last  yeai 
has  developed  one  element  in  committee  work  in  my  experience 
which  it  seems  to  me  might  possibly  be  modified  in  some  way  so  as 
to  facilitate  the  results  we  seek.  My  understanding  is  that  the  life 
of  a  committee  is  one  year.  Each  year  presumably  an  entirely 
new  committee  is  appointed.  Last  year  I  think  it  was  somewhere 
along  in  June  before  the  Board  of  Direction  appointed  the  mem- 
bers of  the  committees.  It  is  evidently  desirable  that  the  mem- 
bers of  the  committee  have  a  joint  meeting — it  least  it  was  so  in 
the  case  of  the  committee  on  which  I  served — and  as  it  was  Au- 
gust when  we  had  that  meeting,  it  was  pretty  well  along  in  the 
year  before  there  was  any  actual  work  done.  I  ask  whether  it 
is  practicable  to  appoint  the  committees  as  permanent  commit- 
tees until  changed,  which,  in  my  mind,  would  be  the  proper  thing 
to  do ;  and,  if  so,  whether  it  would  be  possible  to  so  arrange  mat- 
ters that  the  committees  could  have  a  preliminary  meeting  im- 
mediately after  the  adjournment  of  the  Association,  or  during  the 
meeting,  so  they  could  divide  the  work  among  the  members  of 
the  committee,  instead  of  letting  it  run  until  July  or  August  be- 
fore anything  is  done? 

The  President : — The  article  in  regard  to  the  appointment 
of  committees  is  as  follows : 

"Section  5.     The  Board  of  Direction  may  appoint  such  standing  com- 
mittees  as   it   may    deem   beat,   to   investigate,   consider   and    report    upon 
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methods    and    appliances    pertaining   to    the   general    question    of   railroad 
location,  construction  or  maintenance." 

It  has  been  understood  in  the  Board  that  committees  would 
continue  until  their  successors  were  appointed.  It  has  been  found 
advisable  by  the  Board  to  revise  the  membership  of  the  commit- 
tees each  year,  and  I  expect  the  same  revision  of  the  committees 
will  always  be  found  advisable  and  necessary.  As  the  Associa- 
tion gets  older  and  the  members  of  the  Board  become  better  ac- 
quainted with  the  members  of  the  Association,  the  Board  can 
make  better  selections  of  its  committees  than  in  the  early  stages 
of  our  work.  The  chairman  of  one  of  the  committees,  when 
asked  for  his  recommendations  this  year  as  to  the  personnel  of 
the  committee  for  next  year,  said :  "I  have  not  had  anybody  on 
my  committee  that  has  done  any  work.  If  I  had  the  privilege 
I  should  select  for  my  committee  the  hardest  working  men  from 
the  other  committees."  It  is  the  understanding  of  the  Board 
that  the  committees  are  continuous,  and  they  are  to  consider 
themselves  as  committees  until  relieved. 

Mr.  Curtis : — I  raised  that  particular  question  at  the  meet- 
ing of  the  Committee  on  Ties,  held  in  Memphis  some  months  ago, 
and  asked  if  we  could  arrange  to  have  a  meeting  of  the  com- 
mittee during  this  convention,  and  the  point  came  up  that  we 
might  not  be  on  the  committee  next  year.  I  think  it  should  be 
understood  that  under  ordinary  circumstances  the  chairman  of 
the  committee  will  continue,  and  that  the  other  members  may  be 
subject  to  slight  changes. 

The  President : — In  order  that  there  may  be  no  misunder- 
standing, I  would  like  to  have  the  cominitteemen  who  are  pres- 
ent consider  themselves  as  continuing  until  they  are  advised  to 
the  contrary.  While  the  Board  has  at  times  made  certain  changes 
in  the  personnel  of  the  committees,  still  each  committee  continues 
in  existence. 

Air.  W.  F.  Tye  (Canadian  Pacific)  : — Is  there  any  reason 
why  the  work  of  the  committees  could  not  be  outlined  in  ad- 
vance— that  is  to  say,  this  year's  Board  of  Direction  outline  the 
work  for  next  year?  In  this  way  the  members  of  the  commit- 
tees, as  soon  as  they  left  the  convention,  would  know  what  work 
they  had  to  do,  and  could  start  on  it  and  arrange  the  details. 
In  the  same  wav  anv  changes  to  be  made  on  the  committees  could 
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be  made  in  advance.  When  we  leave  this  meeting  we  are  full 
of  enthusiasm  and  desire  to  do  useful  work  for  the  Association; 
but  I  presume  the  other  members  are  like  myself.  I  have  plenty 
of  other  things  to  take  up  my  enthusiasm,  and  would  like  to  get 
started  on  the  work  at  once.  In  the  absence  of  specific  instruc- 
tions we  can  do  no  work,  and  as  one  member  lias  said,  it  is 
August  or  September  before  we  get  started,  and  it  is  unfortunate 
that  we  can  not  start  at  once.  I  can  not  see  any  reason  why 
we  should  not  have  the  committees  made  up  and  start  on  the 
work  at  once.  There  would  be  much  less  work  for  the  meeting 
to  do  if  the  committees  began  early  and  got  their  conclusions  in 
proper  shape. 

Mr.  Berg : — I  think  the  outline  of  what  reports  are  going 
to  be  brought  up  at  a  convention  being  given  some  time  ahead 
is  a  very  important  feature,  because  railroad  men  who  are  not 
members  may  be  interested  in  some  of  the  subjects,  and  seeing 
that  they  are  to  come  up  in  detail  to  be  passed  upon  in  a  thorough 
manner,  they  are  likely  to  attend  the  meetings  specially  for  that 
purpose.  I  think  the  suggestion  of  Mr.  Gushing  looking  to  the 
consolidation  of  some  of  the  committees  is  a  good  one.  There 
is  one  other  method  which  has  been  suggested  in  conversation 
with  members  as  regulating  the  amount  of  work  to  be  done  at 
the  convention,  and  that  was  for  the  Board  to  specify  ahead  a 
certain  number  of  the  committees  that  would  report  one  year, 
and  the  other  committees  to  report  the  next  year.  I  believe  that 
would  be  objectionable,  because  the  Board  never  knows  ahead 
whether  the  committees  selected  will  bring  in  such  reports  as 
will  be  satisfactory  and  properly  fill  up  the  time  of  the  conven- 
tion. Further,  a  committee  which  does  not  report  for  two  or 
three  years  will  get  out  of  touch  with  the  subject,  and  it  seems 
to  me  desirable  to  get  progress  reports  each  year  from  all  com- 
mittees, and  have  a  certain  number  of  the  committees  make  re- 
ports that  can  be  fully  discussed  and  accepted. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — I 
think  it  would  be  unwise  to  adopt  the  plan  of  having  the  com- 
mittees report  every  two  3'ears,  instead  of  every  year.  A  good 
many  members  come  here  interested  in  some  one  report,  and  if  they 
were  to  know  that  this  report  was  not  to  be  called  up  that  year, 
T  think  the  attendance  might  drop  ofif  considerably.     I  have  felt 
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all  along  that  the  committees  in  general  have  been  trying  to  cover 
too  much  ground  in  their  reports.  I  think  the  Association  will 
do  better  work  if  all  the  committees  will  cover  some  portion  of 
their  subject  every  year,  but  I  do  not  think  so  much  time  should 
be  given  to  one  report  as  has  been  the  case  this  year.  Take,  as 
an  illustration,  the  report  of  the  Committee  on  Masonry,  sub- 
mitted at  this  convention.  T  have  no  criticism  to  make  of  the 
report,  as  it  is  excellent  in  every  way,  but  it  might  have  been 
confined  to  Portland  cement  alone.  If  such  had  been  the  case, 
we  could  have  gotten  through  with  it  yesterday,  and  the  speci- 
fications for  natural  cement  could  be  covered  another  year  just 
as  thoroughly. 

Mr.  McDonald : — I  have  listened  with  a  good  deal  of  inter- 
est to  the  discussion.  I  think  many  of  the  members  have  over- 
looked the  fact  that  we  have  several  very  good  reports  that  have 
not  been  discussed  at  all  at  this  meeting.  They  are  alreadv  in 
the  hands  of  the  membership,  and  can  be  discussed  in  writing 
during  the  interval  between  now  and  the  next  convention.  My 
idea  is  we  should  not  alter  our  standing  committees  in  any  way; 
we  should  have  a  progress  report  from  those  committees  whose 
reports  have  been  considered  this  year ;  that  is,  a  progress  report 
at  the  next  meeting.  Xext  year  we  can  take  up  the  reports  that 
have  not  been  submitted  this  year,  and  which  have  not  been 
discussed.  I  believe  that  will  settle  the  trouble.  It  will  amount 
to  a  progress  report  in  every  committee  each  year,  and  discussion 
at  the  convention  of  one-half  the  reports,  or  as  many  as  wc  can 
digest. 

Mr.  Churchill : — That  might  limit  us  too  much.  Take  the 
steel  specification,  for  example ;  that  was  acted  upon  as  a  progress 
report,  virtually  in  some  cases  adopted ;  but  the  discussion  was 
left  in  such  shape,  it  is  very  certain  that  some  changes  will  be 
made  or  at  least  recommended  next  year.  If  we  are  not  going  to 
discuss  it  next  year,  Ave  are  two  years  behind,  and  I  think,  if  that 
plan  is  to  be  adopted,  many  will  stay  away,  and,  worse  than  that, 
many  will  lose  their  interest  in  our  work.  I  think  some  live  sub- 
ject should  come  up  at  each  meeting  in  regard  to  every  one  of 
these  reports.  It  may  not  be  a  report  that  can  be  presented  with 
conclusions.  ]Mr.  Berg  covered  that ;  he  said  where  there  are 
to  be   conclusions   adopted,  there  should  be  detailed   discussion. 
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Perhaps  there  would  be  a  conclusion  adopted  on  some  one  point 
of  each  committee  report  each  year.  I  think  if  we  confine  our 
work  to  certain  committees  at  each  meeting,  instead  of  hearing 
from  all  the  committees,  we  will  do  the  Association  some  harm. 

Mr.  E.  E.  R.  Tratman  (Engineering  News)  : — In  regard  to 
outlining  the  work  of  the  committees  for  the  coming  year,  would 
it  not  be  a  good  plan  for  the  Board  of  Direction  to  request  com- 
mittees, in  sending  in  their  reports  next  year,  to  give  a  brief  state- 
ment of  what  work  they  have  done,  and  what  subjects  they  pro- 
pose to  take  up  the  next  year  ?  Then  the  Board  would  have  some 
months  to  consider  what  the  committee  had  done,  and  at  the  next 
meeting  the  Board  could  announce  what  it  considered  the  commit- 
tee should  do  during  the  next  year. 

Some  way  should  be  found  to  arouse  more  interest  in  the 
written  discussions.  As  far  as  my  memory  goes,  in  looking  over 
last  year's  Proceedings,  there  is  very  little  written  discussion. 
In  the  case  of  the  committee  on  which  I  have  served,  we  only 
received  one  written  discussion  on  the  last  report,  and  that  was 
only  brought  out  a  few  days  ago  in  relation  to  improvements  on 
the  present  report.  In  the  case  of  the  American  Society  of  Civil 
Engineers,  and  other  similar  bodies,  their  written  discussions  are 
extensive  and  carefully  prepared,  and  I  would  suggest  that  an 
endeavor  be  made  to  find  some  way  of  arousing  the  interest  of 
our  members  in  the  matter  of  written  discussions.  Many  a  man 
who  reads  over  a  report  in  which  he  is  interested  will  find  time 
to  write  or  dictate  a  real  discussion  of  the  subject,  presenting 
his  own  experience  and  opinions  and  more  completely  and  satis- 
factorily than  can  be  done  in  the  oral  discussion.  Such  individual 
discussions  and  expressions  form  most  valuable  supplementary 
matter  to  the  original  paper  or  report. 

The  President : — This  Association  must  sooner  or  later  come 
to  the  written  discussion  feature  of  our  work  to  a  greater  extent 
than  at  any  time  in  the  past.  I  agree  fully  with  Mr.  Tratman  that 
the  feature  of  written  discussions  has  been  greatly  disregarded.  I 
do  not  know  what  sort  of  fertilizer  we  can  put  on  the  soil  at  the 
present  time  to  bring  out  better  crops,  but  I  feel  sure  the  incom- 
ing Board  will  look  into  that  matter. 

There  are  difficulties  about  indicating  too  far  ahead  what 
reports  we  shall  consider,  and  what  we  shall  expect  of  committees. 
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All  members  of  the  Board  are  grateful  for  any  expressions  of  the 
members. 

Mr.  McNab: — In  regard  to  Mr.  Cushing's  remarks  about  a 
proposed  combination  of  the  committees,  and  the  one  suggestion 
he  made  about  the  union  of  committees  on  Roadway  and  Ballast, 
would  say  that  two  years  ago,  and  also  last  year,  the  chairman 
of  the  Committee  on  Roadway  had  correspondence  with  the 
chairman  of  the  Committee  on  Ballasting  in  regard  to  standard 
cross-sections.  It  was  hoped  the  Committee  on  Ballasting  would 
submit  a  section  that  would  harmonize  with  that  of  the  roadway, 
and  so  the  chairman  of  the  Roadway  Committee  invited  an  inter- 
change of  opinions  with  the  Committee  on  Ballasting,  in  order 
to  harmonize  the  two  sections.  That  would  go  to  show  that 
Mr.  Cushing's  proposition  is  an  excellent  one. 

Mr.  Cushing: — When  I  make  the  suggestion  as  to  dividing 
the  work  up  in  two  years,  I  go  on  the  supposition  that  everybody 
is  interested  in  all  committee  work,  the  same  as  a  good  many  of 
us  feel.  I  am  sure  we  are  all  here  to  try  and  learn  from  each 
other,  and  the  very  things  we  know  the  least  about  we  ought 
to  be  most  ready  to  listen  to,  and  not  simply  come  to  give  our  own 
ideas  on  the  subject  which  we  feel  most  interested  in  and  most 
competent  to  express  opinions  on.  Both  of  those  ideas 
should  be  our  objects,  but  I  do  not  feel  that  the  members 
should  think  they  are  only  to  come  and  attend  on  the  read- 
ing of  the  committee  reports  in  which  they  feel  most  inter- 
ested. The  wider  our  range  of  knowledge,  the  more  val- 
uable we  are  to  the  companies  we  represent,  and  I  left  out 
of  the  question  entirely  the  fact  that  some  members  might 
feel  that  if  their  reports  were  not  coming  up.  they  would 
stav  away.  I  hope  that  anv  feeling  of  that  kind  will  be  done  away 
with  bv  the  enthusiasm  for  this  Association.  We  have  had  the 
biggest  attendance  we  ever  had  at  any  meeting  at  this  conven- 
tion, which  indicates  that  the  enthusiasm  has  not  yet  begun  to 
wane.  AMiether  it  will  later  in  the  course  of  our  history  remains 
to  be  seen,  but  I  think  we  should  keep  reiterating  the  idea  that 
we  want  to  keep  our  interest  in  all  the  committees,  and  even 
though  we  have  two  years  in  which  to  work,  we  should  all  feel 
we  are  coming  to  the  annual  meeting  anyhow,  whether  our  com- 
mittee is  reporting  or  not,  as  we  might  gain  some  excellent  ideas 
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in  regard  to  our  own  work,  as  some  of  the  committees  merge  into 
each  other.  As  to  the  question  of  beginning  work,  the  Board  of 
Direction  last  year  issued  instructions  to  the  committees  ;  dealt 
out  to  them  the  subjects  on  which  they  were  to  treat.  We  can  not. 
go  to  work  right  away  if  that  rule  is  to  be  continued  this  year. 
We  have  to  wait  for  our  instructions.  We  never  received  our 
instructions  until  pretty  late  in  the  year,  but  no  one  can  blame  the 
Board  for  that.  It  is  as  hard  a  matter  for  the  Board  to  meet  as  it 
is  for  us.  It  is  as  much  work  for  them  to  thrash  this  out  and 
consider  all  the  subjects  thev  desire  to  be  treated,  and  we  can  not 
expect  to  have  that  information  a  day  or  two  after  w^e  leave  here. 
It  is  going  to  be  some  time  before  we  get  it,  if  that  policy  is  to 
continue.  Therefore,  the  idea  of  having  two  years  to  work  helps 
out  that  proposition  of  the  Board.  Whether  the  Board  intends 
to  change  that  or  not  we  do  not  know. 

The  President : — It  takes  five  members  of  the  Board  to  make 
a  quorum.  We  had  made  three  or  four  attempts  last  year  before 
we  succeeded  in  getting  a  quorum.  We  had  earnestly  hoped 
that  there  would  be  enough  members  present  to  get  a  meeting  of 
the  new  Board  to-day.  This  morning  the  membership  of  the  new 
Board  has  dwindled  down  to  four.  If  we  can  not  get  the  fifth 
man,  the  work  of  laying  out  the  committee  work  and  the  consid- 
eration of  other  important  subjects  may  have  to  go  over  for 
another  meeting.  While  it  may  look  on  the  face  of  it  as  if  the 
Board  has  been  negligent,  it  must  be  borne  in  mind  that  they 
sometimes  meet  with  obstacles  in  getting  started. 

Mr.  Berry : — If  anv  of  the  members  of  this  xA.ssociation  were 
over  trustees  of  a  little  country  church  and  tried  to  make  it  come 
out  even  at  the  end  of  a  fiscal  year,  they  would  all  become  hard 
workers,  so  that  they  could  say  at  the  end  of  the  year  when  they 
had  a  dinner  in  the  basement  of  the  church.  "We  have  paid  all  our 
debts."  If  you  continue  these  committees  indefinitely,  we  shall 
get  poor  work.  Make  a  rotation  in  office ;  interest  everybody, 
retire  some  of  the  old  members  and  put  new  members  in.  In  that 
way  I  think  you  will  _get  greater  interest  in  the  work  of  the  com- 
mittees. I  think  we  all  realize  when  we  want  a  man  to  put  in 
another  person's  place,  we  can  in  many  cases  find  a  better  one, 
and  I  believe  you  will  get  better  results  by  changing  the  members. 
In  answer  to  Mr.  Curtis'  suefsfestion.  I  should  sav  there  will  be 
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some  laggards,  and  it  will  be  within  the  discretion  of  the  Board, 
if  any  committee  fails  to  make  a  report  within  two  >'ears,  that  a 
new  committee  be  named*  by  the  Board.  About  enthusiasm ;  this 
is  my  first  meeting.  I  have  tried  to  get  here  before,  and  in  some 
cases  tried  pretty  hard,  but  have  failed  until  this  time ;  but  I  am 
coming  next  year.     Keep  the  pot  boiling  all  the  time. 

Mr.  Garrett  Davis  (Chicago,  Rock  Island  &  Pacific)  : — I 
would  like  to  suggest  to  the  Board  the  advisability  of  working 
more  hours.  \\'e  had  mapped  out  twelve  hours'  work  at  this 
convention.  I  would  suggest  cutting  out  the  "smoker,"  getting 
to  work  earlier  and  working  later.  Every  member  who  comes 
here  is  an  active  worker,  and  I  think  we  ought  to  put  in  at  least 
eight  hours  a  day,  probably  ten,  with  an  evening  session. 

The  President : — I  have  considered  as  one  of  the  practical 
wa}s  in  which  the  members  could  get  benefit  from  the  Association 
the  mingling  together  and  getting  acquainted  with  each  other. 
Personally,  that  is  a  great  benefit  to  me.  If  it  had  not  been  for 
the  hope  that  we  might  get  through  our  work  in  two  days,  the 
"smoker"  would,  not  have  been  set  for  the  first  night,  and  that 
night  would  have  beeh  left  open  for  an  evening  session.  W'q 
could  obtain  good  results  by  putting  in  more  hours  in  convention 
while  we  are  here.  If  there  are  no  further  suggestions,  is  there 
any  other  new  business  ? 

Mr.  Berg: — I  have  a  suggestion  I  would  like  to  oflFer,  and  I 
will  simply  read  it : 

"It  is  desirable  for  the  Board  of  Direction  to  consider  the  question 
of  appointing  a  standing  committee  on  standard  specifications  and  defini- 
tions, whose  duty  it  shall  be  to  prepare  final  standard  specifications  and 
definitions,  based  on  the  adopted  reports  of  the  various  existing  stand- 
ing or  special  committees  on  investigation,  presented  heretofore  or  to  be 
presented  hereafter  to  the  Association ;  the  work  of  this  committee  to  be 
in  the  nature  of  a  Board  of  Review  or  Revision,  so  that  it  can  present 
to  the  Association  uniform  and  complete  specifications  or  lists  of  defini- 
tions, which,  if  adopted  by  the  Association,  shall  be  known  and  published 
as  the  recommended  standards  of  the  Association." 

I  think  the  time  is  too  short  to  discuss  that,  and  I  thought 
possibly  during  the  year  the  idea  and  suggestion  that  we  have 
some  more  distinct  program  outlined  should  be  considered,  as  to 
whether  we  are  to  do  anything  in  the  way  of  turning  out  standards, 
and  in  such  case  how  to  regulate  standards,  and  avoid  inconsist- 
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encies  or  duplications  or  overlapping  parts  from  one  specification 
to  another.  If  we  decide  to  go  into  such  matters,  with  the  approval 
of  the  Association,  and  that  it  go  forth  as  the  standard,  it  will 
have  to  be  in  such  shape  that  it  will  be  found  efificient  if  tested 
in  actual  practice.  I  think  a  valuable  point  is  to  outline  for  con- 
sideration of  the  Board,  or  at  next  year's  convention,  as  to  what 
we  are  going  to  do ;  what  policy  are  we  going  to  adopt  in  regard 
to  such  matters ;  whether  a  Board  of  Review  or  Revision,  what- 
ever it  might  be  called,  might  not  be  a  good  thing  to  have  to  sys- 
tematize such  matters. 

The  President : — Mr.  Berg's  suggestion  is  a  good  one.  When 
we  come  to  print  by  themselves  the  conclusions  that  we  have 
adopted,  and  then  ■'attempt  to  group  them  as  a  summary  of  what 
we  have  done,  we  will  have  forced  upon  us  inconsistencies  in  a 
good  many  details.  A  committee  as  suggested  by  Mr.  Berg 
would  be  a  good  one  for  the  Board  to  consider. 

Mr.  Berg: — It  seems  to  me  we  might  collect  the  adopted 
parts  of  the  committee  reports,  and  then  bring  those  together  and 
stamp  the  approval  of  this  Board  of  Revision  upon  them,  and  then 
present  them  finally  to  the  Association,  and  if  the  Association 
adopts  the  final  report  as  submitted  by  the  Board  of  Revision,  they 
can  stand.  As  an  illustration  of  the  necessity  of  such  a  board,  I 
will  mention  that  the  Committee  on  Wooden  Bridges  and  Tres- 
tles has  made  a  definition  relative  to  paving,  and  the  Committee 
on  Masonry  has  made  a  definition  relative  to  paving.  In  regard 
to  specifications,  the  Committee  on  Roadway  has  presented  a  speci- 
fication for  grading  where  excavation  for  foundation  pits  is 
classed  and  to  be  considered  the  same  as  ordinary  dry  excavation. 
The  Committee  on  Masonry  or  Bridges  has  or  will  some  day 
bring  in  an  elaborate  specification  in  regard  to  the  excavation  of 
foundation  pits.  We  are  receiving  these  reports  and  acting  on 
them  as  sub-branches  of  one  general  subject. 

The  President: — As  this  discussion  is  valuable,  I  do  not 
like  to  cut  it  short,  but  our  time  is  getting  limited.  Mr.  Berg's 
suggestion  will  be  received  and  printed  in  the  Proceedings,  and 
that  will  give  us  a  good  opportunity  to  discuss  it.  Is  there  any 
other  new  business?  If  not,  the  election  of  officers  is  in  order. 
The  tellers  appointed  yesterday  have  made  their  report,  and  I 
will  ask  the  Secretary  pro  tem.  to  read  the  results  of  the  balloting. 
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Secretary  pro  tem.  Fritch  announced  the  result  of  the  elec- 
tion as  follows : 

President. 

Hunter    McDonald 214 

S.    M.    Felton i 

A.    \V.    Sullivan I 

D.  J.    Whittemore I 

First  Vice-President. 

H.     G.     Kelley 215 

A.    W.    Johnston I 

E.  F.     Wendt I 

Treasnrer. 
W.    S.    Dawley 217 

Secretary. 
L.     C.    Fritch 217 

Tzco  Directors   (Three  Years.) 

A.    W.     Sullivan 216 

James    Dun 216 

G.    W.    Kittredge i 

D.   J.   Whittemore i 

The  President : — Gentlemen,  you  have  heard  the  result  of  the 
balloting.  With  this  announcement  of  the  ballot  Mr.  Hunter 
^IcDonald  becomes  your  President.  I  appoint  Mr.  Berry  and 
Mr.  McNab  to  escort  Mr.  McDonald  to  the  chair.  In  turning  the 
affairs  of  the  President  of  the  Association  over  to  Mr.  McDonald, 
I  can  do  it  most  cordially.  Before  doing  so  I  wish  to  extend  my 
sincere  thanks  to  the  Association  for  the  assistance  and  consider- 
ation it  has  shown  me  during  my  occupancy  of  the  chair. 

President  McDonald: — I  suppose  it  is  in  order  for  the  new 
incumbent  of  the  chair  to  say  a  few  things.  I  shall  make  it  brief. 
I  thoroughly  appreciate  the  honor  that  has  been  conferred  upon 
me,  and  hope  to  wear  the  honors  modestly.  I  also  appreciate  the 
responsibility,  and  I  hope  to  be  able  to  discharge  that  with  credit 
to  myself  and  the  Association.  I  think  the  Board  of  Direction 
have  been  somewhat  in  the  attitude  of  a  certain  preacher  that  I 
heard  of  at  the  foot  of  the  Great  Smoky  iMountains.  He  had 
been  called  to  another  flock,  and  was  presenting  his  first  sermon. 
During  the  course  of  his  sermon   at  inter\-als  he  would  make  very 
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fervent  appeals  to  the  Almighty  to  give  him  power — "Oh,  Lord, 
send  me  down  power;  give  me  power!"  After  the  conclusion  of 
his  sermon  he  noted  that,  as  was  customary,  the  congregation  did 
not  remain  to  have  the  usual  talk  with  him.  However,  one  elder, 
who  considered  that  he  was  a  pillar  of  the  church,  thought  it  best 
that  he  should  stay  and  see  the  new  preacher,  and  on  the  way 
home  the  new  preacher  asked  him  why  it  was  that  the  congrega- 
tion had  not  remained.  "Well,"  he  says,  "I  notice  that  you  have 
been  continually  praying  for  power.  You  don,'t  need  power;  all 
you  need  is  'idees.'  When  your  idees  come  to  you,  you  will  be  the 
hell-roarer  of  the  Great  Smoky  Mountains."  In  this  discussion 
a  good  many  "idees"  have  come  to  the  Board,  and  I  hope  we  will 
be  able  to  make  use  of  them.  If  there  is  no  further  business 
before  the  house,  the  chair  will  entertain  a  motion  to  adjourn. 
(Upon  motion,  the  chair  declared  the  meeting  adjourned.) 
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AUGUSTUS  TORREY. 

A    MEMOIRS 

Augustus  Torrey,  Chief  Engineer  of  the  Michigan  Central 
Railroad,  Chairman  of  the  Preliminary  Organization  and  a  mem- 
ber of  the  Board  of  Direction  of  the  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association,  died  at  Detroit,  Mich,, 
on  August  20,  1902,  from  injuries  sustained  the  day  previous 
while  on  an  inspection  tour. 

He  was  born  at  Beverly,  Mass.,  on  November  21,  1850.  In 
187 1  he  entered  the  University  of  Vermont,  where  he  received 
the  technical  training  which  was  to  form  the  basis  of  his  life- 
work.  He  was  strong  and  athletic  by  nature,  but  took  little  inter- 
est in  the  ordinary  college  sports  or  in  gymnasium  work,  prefer- 
ring instead  to  devote  his  time  to  boating,  of  which  he  was 
especially  fond.  It  is  said  that  he  was  by  far  the  best  sailor  in 
the  University  at  that  time  and  that  there  were  but  few  points  of 
interest  in  the  northern  portion  of  Lake  Champlain  that  he  did 
not  explore.  While  he  was  at  all  times  ready  to  take  part  in  any 
of  his  favorite  sports,  and  also  did  a  great  deal  of  field  work  not 
connected  with  his  University  course,  he  was  never  known  to 
enter  the  classroom  without  a  thorough  preparation.  As  a 
student  he  displayed  that  quality  of  concentration  which  his 
intimate  associates  of  later  years  came  to  regard  as  a  ruling 
characteristic  of  the  man.  To  each  task  in  its  turn  he  gave  his 
earnest  and  undivided  attention  until  its  completion,  and  to  the 
utter  exclusion  of  everything  else.  He  was  extremely  popular 
with  his  fellow-students,  but  was  intimate  with  only  a  few.  It 
is  said  by  a  college  classmate  that  all  the  characteristics  that 
made  him  so  successful  in  his  subsequent  professional  work  and 


♦Compiled  by  W.  D.  Pence  from    notes  supplied  by  J.   F.  Wallace.  J.   D.   Hawks,  W.  S 
Kinnear,  W.  M.  Camp  and  Louis  Shaw. 
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so  well  liked  by  all  his  associates  in  later  life  were  exhibited  and 
appreciated  by  those  who  knew  him  as  a  student. 

After  graduation  in  1874  he  commenced  his  professional 
career  on  the  Burlington  &  Lemoille  Railroad  (now  a  part  of 
the  Central  Vermont  Railroad  system),  of  which  he  was  division 
engineer  from  1874  to  1876.  In  the  latter  year  he  left  railroad 
work  for  a  time  and  gave  his  attention  to  hydraulic  engineering, 
serving  as  superintendent  of  water  works  at  Burlington,  Vt., 
until  1880,  and  also  practicing  in  various  towns  in  Massachusetts. 
In  the  latter  year  he  went  to  the  Michigan  Central  Railroad 
with  the  late  Edward  H.  Phelps,  his  first  work  being  as  assistant 
engineer  in  charge  of  the  location  and  construction  of  the  exten- 
sion of  the  old  Jackson,  Lansing  &  Saginaw  Railroad  from  Gay- 
lord  to  Mackinaw,  Mich.  Upon  the  completion  of  that  work  he 
served  as  assistant  engineer  under  Mr.  Phelps  until  the  latter's 
death  in  1884,  and  when  Mr.  J.  D.  Hawks  was  appointed  chief 
engineer  of  the  Michigan  Central  Railroad,  Mr.  Torrey  became  his 
principal  assistant  engineer. 

The  name  of  Augustus  Torrey  became  generally  known 
to  railway  engineers  a  number  of  years  since  through  the  pub- 
lication of  his  book,  "Curve  Easements  and  Switch  Layouts," 
a  work  of  much  merit  and  originality,  which  has  been  widely 
used  by  railway  officers.  In  more  recent  years,  however,  he  has 
come  to  be  known  as  an  investigator  of  track  problems  of  great 
ability,  and  it  is  in  this  relation  chiefly  that  he  has  won  profes- 
sional fame. 

One  of  the  first  problems  to  claim  his  attention  was  that  of 
the  rail  joint.  For  years  he  had  in  mind  the  "long-rail"  idea, 
which  he  first  tested  in  1893  or  1894  by  laying  in  one  of  the 
freight  mains  in  the  Detroit  yard  two  rails,  one  500  feet  in 
length  and  the  other  1,000  feet  long.  These  so-called  long  rails 
were  made  up  of  rails  bolted  so  as  to  admit  of  no  contraction  or 
expansion  at  minor  joints.  An  expansion  joint  especially  de- 
signed was  placed  at  each  end  of  the  500-foot  rail  and  at  each 
end  and  at  the  center  of  the  1,000- foot  rail.  The  expansion  joint 
originally  used  did  not  give  entire  satisfaction,  and  it  was  not 
until  the  year  1900  that  Mr.  Torrey  succeeded  in  making  a  satis- 
factory modification  of  the  original  design.  He  was  then  so  much 
encouraged  by  the  outcome  that  in  1901  a  stretch  of  one  mile  of 
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track  was  laid  on  the  Bay  City  Division  with  6o-foot  rails  spliced 
up  permanently  in  500-foot  sections,  with  slij)  joints  at  the  ends  of 
the  sections  and  a  concrete  anchorage  at  the  middle  of  each  sec- 
tion. This  installation  was  very  successful  and  stands  to-day 
as  a  monument  to  his  memory,  giving  to  the  railroad  world  his 
idea  of  a  perfect  track.  Up  to  the  time  of  his  death  he  was  still 
engaged  in  perfecting  the  long-rail  expansion  joint,  and  his  latest 
design  will  be  applied  to  a  stretch  of  five  miles  of  track  which  is 
to  be  laid  on  the  Michigan  Central  Railroad  during  1903.  In 
this  work  he  was  a  pioneer,  and  he  was  courageous  enough  to  be- 
lieve that  some  day  in  the  not  distant  future  some  scheme  would  be 
evolved  for  eliminating  the  joint  openings.  With  so  much 
progress  toward  this  goal  already  made,  it  seems  inevitable  that 
the  Torrey  long-rail  experiments  should  be  carried  on  and  worked 
out  to  their  legitimate  conclusion,  as  they  doubtless  will. 

His  study  of  the  joint  problem,  however,  was  by  no  means 
confined  to  the  reduction  in  the  number  of  joints,  for  he  also  did 
much  to  improve  the  quality  of  the  usual  type  of  joint.  Through 
the  co-operation  of  the  steel  manufacturers  he  instituted  some 
experiments  in  the  use  of  high  carbon  steel  in  the  angle  bars, 
and  while  these  experiments  also  were  probably  in  an  unfinished 
state,  he  secured  substantial  proof  that  this  modification  resulted 
in  a  stififer  and  stronger  as  well  as  more  durable  rail  joint. 

Still  another  notable  advance  in  his  rail  joint  practice  was  in 
the  treatment  of  relaying  rails.  By  means  of  a  portable  rail  saw 
and  punch  he  cropped  the  damaged  rail  ends  and  formed  new 
joints ;  by  using  new  angle  bars  and  following  an  ingenious 
method  of  matching  the  freshly  sawn  rail  ends  for  height,  he 
effected  a  distinct  economy  in  the  life  and  maintenance  of  the 
relaid  rails.  Nor  was  he  content  with  this  result,  for  he  utilized 
the  discarded  rail  ends  in  his  well-known  "crop-end"  rail  joint, 
in  which  the  rails  are  given  support  at  their  ends  by  bolting  on 
the  short  piece,  inverted,  base  to  base.  This  device  is  used  ex- 
tensively on  the  Michigan  Central  Railroad  with  good  results. 

This  last  instance  illustrates  the  instinctive  alertness  of  the 
man  in  his  effort  to  bring  alxiut  true  economies  in  railway  main- 
tenance. His  mind  was  constantlv  employed  in  studying  labor- 
saving  and  material-saving  devices  and  methods.  He  directed 
Ids   attention   to   the   design   and    construction   of   docks    for   car 
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ferries,  with  the  result  that  his  plans  have  been  adopted  very 
generally  at  Detroit,  Windsor  and  elsewhere,  including  the  ports 
of  nearly  all  the  roads  using  car  ferries  across  Lake  Michigan. 
He  devised  a  ballast  loader  and  also  a  type  of  ballast  car,  both 
of  which  are  extensively  and  successfully  used  on  the  Michigan 
Central  Railroad. 

The  most  recent  result  of  his  concentrated  thought  is  a  device 
which  he  termed  the  "high-bank  leveler,"  which  is  a  modification 
of  the  ordinary  side  leveler,  designed  to  build  and  level  a  bank 
several  feet  above  the  level  of  the  running  or  unloading  track. 
When  he  first  proposed  to  spread  earth  to  a  high  level  he  was 
advised  by  men  of  experience  that  such  work  could  not  be  done. 
He  went  ahead  with  the  design  of  the  machine,  however,  and 
had  the  satisfaction  to  put  into  successful  operation  two  of  his 
spreading  and  leveling  cars,  which  have  rendered  very  efficient 
service  on  grade  revision  and  double-track  work,  handling  a 
variety  of  difTficult  materials.  This  highly  meritorious  device  was 
♦exhibited  publicly  under  the  inventor's  personal  direction  only  a 
few  days  before  his  untimely  death. 

His  ability  as  a  locating  engineer  was  born  in  him  and  noth- 
ing annoyed  him  more  than  to  see  poor  locations  of  old  railroads 
where  good  ones  could  have  been  made  and  the  lines  built  and 
operated  for  less  money.  Many  betterments  to  the  line  of  the 
Michigan  Central  Railroad  were  made  under  his  direction  during 
his  twenty-two  years  of  faithful  and  efficient  service  with  that 
road. 

Notable  as  were  his  professional  attainments,  his  intimate 
associates  and  friends  will  yet  believe  that  the  man  was  even 
greater  than  his  works.  Recognizing  always  his  conspicuous  pro- 
fessional talents,  one  who  was  permitted  to  penetrate  his  cloak 
of  natural  modesty  and  diffidence  soon  came  to  recognize  the 
intense  loyalty  of  his  service  to  the  interests  which  he  represented, 
and  learned  to  respect  the  persistent,  though  quiet  and  gracious 
way  in  which  he  endeavored  to  accomplish  whatever  he  under- 
took to  do. 

He  was  generous  to  a  fault,  and  no  friend  in  need  ever  left 
him  empty  handed.  He  was  so  wrapped  up  in  his  work  that  he 
had  neither  time  nor  inclination  to  provide  for  a  rainy  day.  As 
in  his  college  days,  his  love  for  the  woods  and  for  nature  was  a 
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marked  characteristic,  and  the  time  he  spent  in  looking  up  new 
lines  and  in  fly  fishing  was  by  no  means  "idle  time  idly  spent," 
but  contributed  largely  to  his  freshness  of  mind  and  vigor  of  body. 
The  many  thousands  of  lady  passengers  on  the  Michigan  Central 
Railroad  who  each  spring  received  the  free  offerings  of  trailing 
arbutus  owed  the  privilege  to  his  thoughtfulness  and  his  pains- 
taking in  the  gathering  and  care  of  this  frail  and  rare  token  of 
spring. 

One  who  knew  him  intimately  in  his  later  years  has  said: 
"As  a  student  of  track  maintenance  I  doubt  if  a  more  faithful  or 
conscientious  one  could  have  been  found  in  this  or  any  other 
country.  His  work  had  a  place  in  his  mind  and  makeup  second- 
ary only  to  his  family.  A  nature  so  modest  and  retiring  that  a 
casual  meeting  would  leave  but  little  idea  of  the  tremendous  force 
and  mental  power  covered  by  the  cloak  of  diffidence,  his  ability 
to  concentrate  his  thoughts  was  little  short  of  marvelous  and  it 
was  a  common  occurrence  to  receive  from  him  an  expression  of 
opinion  on  a  subject  of  moment,  either  verbal  or  written,  so  deep 
and  full  of  force  as  to  afford  the  recipient  food  for  reflection  for 
hours.  Simplicity  of  manner,  honesty  of  nature  and  conscientious- 
ness always  were  traits  of  character  at  all  times  prominent  and 
which  made  him  loved  by  all  his  friends  and  admired  by  acquaint- 
ances."   He  leaves  a  widow,  a  son  and  four  daughters. 

It  has  been  said  that  the  American  Railway  Engineering  and 
Maintenance  of  \\'ay  Association  practically  owes  its  prosperous 
existence  to  Augustus  Torrey.  He  was  one  of  the  leading  spirits 
in  bringing  about  its  organization,  and  served  as  Chairman  of  the 
Preliminarv  Organization  which  conducted  affairs  previous  to  the 
ofiicial  establishment  of  the  Association,  after  which  he  was  elected 
one  of  the  Directors,  serving  in  this  capacity  until  the  time  of  his 
death.  Whether  measured  by  the  actual  effort  put  forth  on  behalf 
of  the  Association  or  by  the  extent  to  which  he  inspired  others  by 
his  suggestion  and  advice,  the  obligation  which  we  feel  can  not 
be  overestimated.  Although  he  preferred  a  place  of  retirement  in 
the  official  organization,  he  was  naturally  looked  to  by  all  as  a 
leader  and  counselor.  He  took  a  very  lively  interest  in  the 
reports  and  discussions  at  the  Association  meetings,  and  no  mem- 
ber was  favored  with  a  more  respectful  hearing  when  he   took 


508  IN   MEMORIAM. 

the  floor  to  engage  in  discussion.  And  perhaps  there  was  no 
surer  or  better  index  of  the  universal  feehng  towards  him  per- 
sonally than  was  indicated  by  the  remark  of  approval  commonly 
heard  at  the  annual  sessions  when  reading  the  numbered  list  of 
Association  members :  "Augustus  Torrcy,  Member  No.  i."  Cer- 
tain it  is  that  this  Association  should  and  does  accord  to  this 
pioneer  member  a  full  measure  of  appreciation  and  honor. 
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Ann  Arbor  Railroad   i  292 

O.   D.  Richards,  Toledo,  Ohio. 

Argentine  Republic  Railways   i      

G.  F.  T.  Dominico,  Buenos  Ayres,  Arg.  Rep. 

Atchison,  Topeka  &  Santa  Fe  Railway 6         4,818 

James  Dun,  Chicago,  111. 

W.  B.  Storey,  Jr.,  San  Francisco.  Cal. 

A.  F.  Robinson,  Topeka.  Kan. 

T.  S.  Stevens.  Topeka.  Kan. 

H.  C.  Phillips,  La  Junta,  Colo. 

G.  W.  Vaughn,  Chicago,  111. 

Atlantic  &  Birmingham  Railroad i  70 

A.  Bonnyman,  Waycross.  Ga. 

Baltimore   &   Ohio   Railroad 12        4.357 

C.  S.  Sims,  Baltimore,  Md. 
L.  G.  Haas,  Baltimore,  Md. 
M.  L.  Byers.  Baltimore,  Md. 
J.  E.  Greiner,  Baltimore,  Md. 
W.   B.    Hanlon,   Cleveland,   Ohio. 
F.  L.   Stuart,  Cumberland,  Md. 
Paul    Didier,    Allegheny,   Pa. 
V.  K.  Hendricks.   Baltimore,  Md. 
A.  G.  Norton.  Wheeling,  W.  Va. 

C.  E.  Bryan,  Parkersburg,  W.  Va. 
L.   G.   Curtis,   Chicago,   111. 

H.   R.   Talcott,   Cumberland,   Md. 

Baltimore  &   Ohio    Southwestern   Railroad 6  928 

D.  D.  Carothers,  Cincinnati,  Ohio. 
W.  B.  Poland.  Cincinnati,  Olfio. 
W.  Archer,  Cincinnati,  Ohio. 
Earl  Stimson."  Washington,  Ind. 
L.  F.  Boeh,  Cincinnati,  Ohio. 

L.    C.    Fritch.    Cincinnati,    O. 

Bessemer  &  Lake  Erie  Railroad 2  211 

H.  T.  Porter,  Greenville,   Pa. 

E.  J.   Randall.  Greenville,   Pa. 
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Blackvvell,   Enid   &   Southwestern   Railway i  S;^ 

Seely  Dunn,  Vernon,  Texas. 

Boise,  Nampa  &  Owyhee  Railway i  81 

J.  M.  Clark,  Nampa,  Idaho. 

Boston  &  Albany  Railroad i  394 

Walter  Shepard,  Boston,  Mass. 

Boston  &  Maine  Railroad i         2,308 

J.  P.  Snow,  Boston.  Mass. 

Bufifalo  &  Susquehanna   Railroad 2  178 

H.  Herden,  Galeton,  Pa. 
H.  C.  Landon,  Galeton,  Pa. 

Buffalo,  Attica  &  Arcade  Railway • i  28 

S.   S.  Bullis,  Clean,  N.  Y. 

Buffalo,  Rochester  &  Pittsburg  Railway i  475 

J.  M.  Floesch,  Rochester,  N.  Y. 

Burlington  Route   6        8,225 

Chicago,  Burlington  &  Quincy, 

Howard  Elliott,  St.  Louis,  Mo. 

F.  A.  Delano,  Chicago,  111. 

W.  L.  Breckinridge,  Chicago,  III. 
Burlington's  Missouri  Lines, 

L.  F.  Goodale,  St.  Louis,  Mo. 

F.  M.   Patterson,  Hannibal,   Mo. 
E.  P.  Weatherly,  Hannibal,  Mo. 

Canada   Atlantic   Railway    i  4^7 

G.  A.   Mountain,   Ottawa,   Canada. 

Canadian    Pacific   Railway ' 10        8,322 

P.  Alex.  Peterson,  Montreal,  Canada. 
J.  W.  Leonard,  Winnipeg,  Man. 

E.  H.  McHenry,  Montreal,  Canada. 
W.  F.  Tye,  Montreal,  Canada. 
James   Oborne,  Montreal,  Canada. 

F.  P.  Gutelius,  Montreal,  Canada. 

G.  H.  Webster,  Montreal,  Canada. 
D.  MacPherson,  Montreal,  Canada. 
J.   G.    Sullivan,  Winnipeg,   Man. 

A.   L.   Buck,  Winnipeg,  Man. 

Central   of   Georgia   Railway    2         1,834 

Theo.  D.  Kline,  Savannah,  Ga. 
Henry  M.  Steele,  Savannah,  Ga. 
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Central   Railroad  of  New  Jersey 3  685 

W.  G.  Besler,  New  York,  N.  Y. 
Jos.  O.  Osgood,  Jersey  City,  N.  J. 
A.    L.    Bowman,   New    York,    N.    Y. 

Central    Vermont   Railway : .  . .  .       2  531 

E.  H.  Fitzhugh,  St.  Albans,  Vt. 
Jos.  Morrison,  St.  Albans,  Vt. 

Chesapeake  &  Ohio  Railway   2         i,477 

F.  W.   Scarborough,  Richmond.  Va. 
H.  Pierce,  Ronceverte,  W.  Va. 

Chicago  Great  Western  Railway 4         1,271 

F,  R.  Coates,  St.  Paul,  Minn. 

E.  C.   Macy,  St.  Paul,  Minn. 
A.  E.  Harvey,  Red  Wing,  Minn. 
H.  B.  Merriam,  Dubuque,  Iowa. 

Chicago  Union  Transfer  Railway  i  100 

M.  E.  Shire,  Chicago,  111. 

Chicago  &  Alton   Railway   ■  • 2  908 

S.  M.  Felton,  Chicago,  111. 
H.  F.  Baldwin,  Chicago,  111. 

Chicago  &  Eastern  Illinois  Railroad 4  727 

R.  R.  Hammond,  Chicago,  111. 
W.  S.  Dawley,  Chicago,  111. 
A.  S.  Markley,  Danville,  111. 
Ralph  McCalman,  Danville,  111. 

Chicago  &  Northwestern  Railway 4        5-577 

W.  A.  Gardner,  Chicago,  111. 
R.  H.  Aishton,  Chicago,  111. 

G.  M.  Davidson,  Chicago,  111. 

F.  C.   Stimson,   Sterling,   III. 

Chicago   &   Western   Indiana    Railway.  .  .  .  •  • i  48 

E.  H.  Lee.  Chicago,  111. 

Chicago  Junction    Railway    ■  • I  385 

J.  B.  Cox,  Chicago,  111. 

Chicago,  Milwaukee  &   St.   Paul   Railway 5         6,609 

H.  R.  Williams,  Chicago,  111. 
D.  J.  Whittemore,  Chicago,  111. 
J.   B.   Moll,  Chicago,   111. 
C.  F.   Loweth,  Chicago,   111. 

G.  B.  Woodworth,  Chicago,  111. 
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Chicago,  St.   Paul,  Minneapolis  &  Omaha  Railway i         1.557 

D.  C.  Morgan,  Sioux  City,  Iowa. 

Chicago.  Rock  Island  &  Pacific  Railway 8        4,354 

H.  J.  Slifer.  Chicago.  111. 
VV.  L.   Darling,  Chicago,  111. 
H.  F.  White,  Chicago,  111. 
F.  O.  Melcher,  Chicago,  111. 
Garrett   Davis,   Cedar   Rapids,   Iowa. 
J.   G.   Bloom,  Topeka,  Kan. 
W.  H.  Davisson,.  Chicago,  111. 
K.  J.  C.  Zinck,  Trenton,  Mo. 

Chicago  Terminal   Transfer  Railroad 4  208 

J.   N.   Faithorn,   Chicago,  III. 
F.  E.  Paradis,  Chicago,  111. 

E.  R.  Knowlton,   Chicago,   111. 
J.  A.  Lahey,  Chicago,  111. 

Cincinnati.   Hamilton  &   Dayton    Railway 2  621 

C.  A.  Wilson,  Cincinnati,  Ohio. 
I.  F.  White,  Hamilton,  Ohio. 

Cincinnati     Northern    Railroad 2  403 

W.  D.  Williams,  Van  Wert,  Ohio. 

Cleveland,  Cincinnati,  Chicago  &   .St.  Louis   Railway 7        2,290 

George  W.  Kittredge.  Cincinnati.  Ohio. 

Hadley   Baldwin,    Mattoon,    111. 

C.  A.  Paquette,  Indianapolis,  Ind. 

H.  H.  Knowlton,  Indianapolis,  Ind. 

L.  S.  Rose,  Mattoon,  III. 

R.  H.  Simpson,  Springfield,  Ohio. 

Robt.  H.  Morse,  Greensburg,  Ind. 

Peoria  &   Eastern   Railway 2  341 

J.  A.  Barnard,  Indianapolis,  Ind. 
M.  A.  Neville,  Indianapolis,  Ind. 

Colorado  &  Southern  Railroad 2        1,142 

H.  W.  Cowan,  Denver,  Colo. 
O.  J.  Travis,  Denver,  Colo. 

Colorado  Midland  Railway  i  336 

J.  C.  Hechler,  Colorado  Springs,  Colo. 

Columbia  &  Southern  Railroad i  70 

A.  E.  Hammond,  Shaniko,  Ore. 
Davenport,  Rock  Island  &  Northwestern  Railway i  53 

Chas.  E.  Sherifif,  Davenport,  Iowa. 

Delaware,  Lackawanna  &  Western  Railroad i  952 

C.  E.  Wickham,  Binghamton,  N.  Y. 
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Delaware,  Susquehanna  &  Schuylkill  Railroad i  76 

Edgar  Kudlich,  Drifton,  Pa. 

Detroit  &  Mackinac  Railroad i  329 

H.  S.  Waterman,  East  Tawas,  Mich. 

Detroit    Southern    Railroad 2  371 

J.  B.  Flanders,  Springfield,  Ohio. 
Geo.  Crocker,  Springfield,  Ohio. 

Duluth,  Missabe  &  Northern  Railroad i  34 

W.  A.  McGonagle,  Duluth,  Minn. 

Eastern  Texas  Railroad   i  52 

P.  A.  McCarthy,  Lufkin,  Texas. 

Erie    Railroad    4        1,791 

F.  D.  Underwood,  New  York,  N.  Y. 
Daniel  Willard,  New  York.  N.  Y. 

J.  C.  Stuart,  Cleveland,  Ohio. 

J.  R.  W.  Davis,  Jersey  City,  N.  J. 

Esquimalt  &  Nanaimo  Railway i  80 

Jos.  Hunter,  Victoria,  B.  C. 

Evansville  &  Terre  Haute   Railway i  162 

E.  H.  Pfafflin,  Evansville,  Ind. 

Fremont,  Elkhorn  &  Missouri  Valley  Railroad i         1,332 

G.  F.  Bidwell,  Omaha,  Neb. 

Grand  Trunk   Railway   5         4,1/9 

F.  H.  McGuigan,  Montreal,  Canada. 
W.  McNab,  Montreal.  Canada. 

M.  S.  Blaiklock,  Montreal,  Canada. 
H.  A.  Woods,  Detroit,   Mich. 
T.  L.  Hanley,  Marcellus,  Mich. 

Great   Northern   Railway 2        4.969 

J.  D.  Mason,  West  Superior,  Wis. 
W.  I.  Bassett,  Kalispell,  Mont. 

Guatemala   Central    Railway 2  113 

D.  B.  Hodgsdon,  Guatemala  City,  Guatemala,  C.  A. 
J.   B.   Hatch.   Mazatenango,   Guatemala,  C.   A. 

Gulf,  Colorado  &  Santa  Fe  Railway 3         1.127 

C.  F.  W.  Felt,  Galveston,  Texas. 
J.  C.  Christy,  lemple,  Texas. 
L.  D.  Smith,  Galveston,  Texas. 

Halifax  &  Southwestern   Railway    i  50 

L.  H.  Wheaton,  Bridgewater.  N.  S. 


514  MILEAGE  OF  ROADS  AND   MEMBERS. 

Name  of  Road  and  Membership.  Members.    Mileage. 

Hocking  Valley  Railroad i  346 

Wm.  Michel,   Columbus,  Ohio. 

Hoshu  Railway  of  Japan   i  52 

Kyoichi  Murakami,  Osaka,  Japan. 

Houston  &  Texas  Central  Railroad i  659 

J.  M.  Lee,  Austin,  Texas. 

Illinois  Central   Railroad    28        4,265 

J.  F.  Wallace,  Chicago,  111. 
A.  W.  Sullivan,  Chicago,  111. 
W.  J.  Harahan,  Chicago,  111. 
I.  G.  Rawn,  Chicago,  111. 
H.  U.  Wallace,  Chicago,  111. 
J.  W.  Higgins,  Chicago,  111. 
O.  M.  Dunn,  New  Orleans,  La. 
H.  W.  Parkhurst,  Chicago,  111. 
H.  McCourt,  Chicago,  111. 

C.  Dougherty,  Clinton,  111. 

A.  S.   Baldwin,  Chicago,  111. 
R.  B.  Starbuck,  Mattoon,  111. 
J.  C.  Dailey,  Freeport,  111. 

D.  S.  Bailey,  Rantoul,  111. 
Alvah  Philbrick,  Louisville,  Ky. 
F.  B.  Harriman,  Dubuque,  Iowa. 
H.  R.  Safford,  Chicago,  111. 
Chas.  Dunham,  Chicago,  111. 

P.  Galvin,  New  Orleans,  La. 
T.  R.  Cummins,  Freeport,  111. 
P.  Laden,  Fulton,  Ky. 
Dennis   Sheahan,  Memphis,   Tenn. 

B.  J.  Gilleas,  Fort  Dodge,  Iowa. 
H.  Gilleas,  Cherokee,  Iowa. 

E.  I.  Rogers,  Memphis,  Tenn. 
L.    A.    Downs,    Clinton,    111. 
H.  R.  Dill,  Evansville,  Ind. 
Chas.  S.  Millard,  Memphis,  Tenn. 

International    Railway   of    Buffalo i  52 

T.  W.  Wilson,  Buffalo,  N.  Y. 

International  Railway  of  Mexico i  55 

F.  W.  Andros,  Durango,  Mexico. 

Jacksonville  &  Southwestern  Railway i  90 

Roland  Woodward,  Jacksonville,   Fla. 

Kansas  City  Belt  Railway  i  50 

G.  M.  Walker,  Jr.,  Kansas  City,  Mo. 
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Kansas  City,   Mexico  &  Orient  Railway 3  365 

E.  Dickinson,  Kansas  City,  Mo. 
M.  P.  Paret,  Kansas  City,  Mo. 
W.  W.  Colpitts,  Kansas  City,  Mo. 

Kansas    City    Southern    Railway i  762 

C.    H.    B'yers,    Pittsburg,    Kan. 

Kettle   Valley    Railway i  42 

H.  W.  Warrington,  Grand  Forks,  B.  C. 

Lake  Erie  &  Detroit  River  Railway i  232 

Ow'Cn  McKay,  Walkerville,  Canada. 

Lake  Shore  &  Michigan  Southern  Railway 4        1,416 

E.  A.  Handy,  Qeveland,  Ohio. 
Samuel   Rockwell,   Cleveland,  Ohio. 

F.  E.  Bissell,  Cleveland,  Ohio. 
R.  O.  Rote,  Cleveland,  Ohio. 

Lake  Erie   &   Western   Railway i  719 

G.  C.  Cleveland,  Indianapolis,  Ind. 

Lake  Superior  &  Ishpeming  Railway i  66 

J.  F.  Deimling,  Marquette,   Mich. 

Lehigh    Valley    Railroad 4         1,398 

Walter   G.   Berg,   New   York,   X.    Y. 
E.  B.  Ashby,  South  Bethlehem,  Pa. 
G.  F.  Morse,  Buffalo,  N.  Y. 
E.  DB.   Brown,  New  York,  N.  Y. 

Long  Island  Railroad i  393 

C.  L.  Addison,  Long  Island   City,  N.   Y. 

Louisville    &    Atlantic    Railroad i  76 

A.  T.  Sabin,  Columbus,  Ky. 

Louisville   &   Nashville    Railroad    i         3,465 

R.  Montfort,  Louisville,  Ky. 

Macon,   Dublin   &   Savannah    Railroad i  92 

J.  T.  Wright,  Macon,  Ga. 

Madras    Railway    i  844 

E.  W.   Stoney,  Madras,  India. 

Mexican   Central   Railway 3         ^.321 

A.  A.  Robinson,  Boston,  Mass. 

E.  E.  Styner,  City  of  Mexico,  Mex. 

Lewis  Kingman,  City  of  Mexico. 

^lexican    International    Railway i  848 

C.  T.  Norton,  Porfirio  Diaz.  Mexico. 
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Mexican    National   Construction    Company i  89 

A.  P.  Herbert,   Colima,   Mexico. 

Michigan    Central    Railroad 4         1,662 

W.  S.  Kinnear,  Detroit,  Mich. 

B.  Douglas,  Detroit,  Mich. 

J.    C.    Mock,    Detroit,    Mich. 

T.   H.    Hickey,   St.   Thomas,   Ont. 

Minneapolis   &    St.   Louis    Railroad i         1,225 

Iowa  Central  Railway. 

H.   G.   Kelley,  Minneapolis,   Minn. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway 2         1.337 

E.   Pennington,   Minneapolis,   Miim. 
J.  J.  Hankenson,  Glencoe,  Minn. 

Missouri,   Kansas  &  Oklahoma   Railway i  43 

E.   Holbrook,   Coffeyville,    Kan. 

Missouri.    Kansas   &    Texas   Railway    2        2,460 

E.  M.  Collins,  St.  Louis,  Mo. 
S.  B.   Fisher,  St.   Louis,   Mo. 

Missouri    Pacific    Railway 3         5.326 

St.  Louis,  Iron  Mountain  &  Southern, 
H.   Rohwer,   St.   Louis,   Mo. 
J.   G.   Hartigan,   Little  Rock,  Ark. 
H.  Devereux,  Batesville,  Ark. 

Mobile   &   Ohio    Railroad    2  876 

C.  S.  Clarke,  St.  Louis,  Mo. 
C.  F.  Blue,  Cairo,   111. 

Moscow-KuTsk     Railroad     i  692 

Theo.    Schidlovsky,   Moscow,    Russia, 

Nashville,  Chattanooga   &  St.   Louis   Railway 4         1,200 

J.   W.  Thomas,  Jr.,  Nashville,  Tenn. 
Hunter   McDonald,  Nashville,  Tenn. 
W.  J.  Hills,  Paducah,  Ky. 
I.  O.  Walker,  Paducah,  Ky. 

National   Railroad   of   Mexico i         i,i77 

W.  A.  Hill,  Laredo,  Texas, 

New  York  Central   &  Hudson   River   Railroad 5         6,066 

W.  J.  Wilgus.  New  York,  N.  Y. 
H.  Fernstrom,  New  York,  N.  Y. 
G.  W.   Vaughar.,  Buffalo,  N.  Y. 
P.   G.   Ten  Evck,   New  York,  N.  Y. 
Lawrence   Griffith.  New  York,   N.  Y. 
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National  Railway  of  Tehuantepec    

John  B.  Body,  City  of  Mexico,  Mexico. 

New   York,  Chicago  &  St.   Louis   Railway 

A.  W.  Johnston.  Cleveland,  Ohio. 
E.   E.   Hart,   Cleveland,   Ohio. 
C.  B.  Hoyt,  Bellevue,  Ohio. 

New  York,  New  Haven  &  Hartford   Railroad 

E.  P.   Dawley,   Boston,   Mass. 

W.  H.  Moore,  New  Haven,  Conn. 

New   York,    Philadelphia   &   Norfolk   Railroad. 
J.  G.  Rodgers,  Cape  Charles,  Va. 

Nippon  Railway  of  Japan   

S.  Sugiiira,  Tokio,  Japan. 

Norfolk  &   Southern    Railroad 

F.  L.   Nicholson,  Norfolk,  Va. 

Norfolk  &  Western  Railway    . .' 

C.   S.  Churchill,   Roanoke,  Va. 

Northern    Pacific   Railway 

J.  M.  Dixon,   St.   Paul.  Minn. 

Pennsylvania  Lines  West  of  Pittsburg 

Thos.  Rodd,  Pittsburg,  Pa. 
W.  C.  Cushing,  Pittsburg,  Pa. 
R.    Trimble,    Pittsburg,    Pa. 
R.   C.   Barnard,  Cambridge,  Ohio. 
Paul  Jones,  Columbus,  Ohio. 
A.  H.   Sanford,  Allegheny,  Pa. 

E.  G.  Ericson,  Pittsburg,  Pa. 
A.  A.   Wirth,  Cambridge.   Ohio. 
S.   D.   Pugh,  Valparaiso,  Ind. 

Pennsylvania   Railroad 

J.  T.  Richards.  Philadelphia.  Pa. 
R.  Bell,   Buffalo.  N.  Y. 
A.  H.  Rudd,  Philadelphia,  Pa. 
Geo.  Houliston,  Buffalo,  N.  Y. 
W.  S.  Thompson,  Oil  City,  Pa. 

Peoria  &  Pekin  Union  Railroad 

Curtiss  Millard,  Peoria,  111. 

Pere  Marquette  Railroad 

M.  J.  Carpenter,  Detroit,  Mich. 

F.  H.  Alfred,  Detroit,  Mich. 
Job  Tuthill,  Detroit,  Mich. 

G.  H.  Bristol,  Grand  Rapids,  Mich. 
G.  E.  Drew,  Grand  Rapids.  Mich. 
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Name  of  Road  and  Memberslup.  Meinhers.    Mileage. 

Philadelphia    &    Reading    Railway    4         1.455 

Wm.  Hunter,   Philadelphia,  Pa. 
F.  S.  Stevens,  Reading,  Pa. 
J.  E.  Turk,  Tamaqua,  Pa. 
C.    H.    Ewing,   Reading,    Pa. 

Pittsburg  &  Lake  Erie  Railroad   4  180 

J.  A.  Atwood,  Pittsburg,  Pa. 
A.  R.  Raymer,  Pittsburg,  Pa. 
E.  F.  Wendt,  Pittsburg,  Pa. 

E.  W.  Boots,  McKeesport,  Pa. 

Pittsburg,    Connellsville   &    Wheeling   Railway i  100 

J.    T.   Wilson,   Coraopolis,   Pa. 

Pittsburg,  Shawmut  &  Northern  Railroad i  32 

C.  A.   Derr,   St.   Marys,  Pa. 

Quebec   Southern   Railway i  88 

F.  D.  Anthony,  Sorel,  Quebec. 

Queen  &   Crescent    5         IJ77 

W.   A.  Garrett,  Cincinnati,   O. 
C.  C.  Harvey,  New  Orleans,  La. 
E.   Ford,  Vicksburg,  Miss.  * 

J.   C.   Nelson,    Birmingham,  Ala. 
J.  C.  Haugh,  New  Orleans,  La. 

Richmond,   Fredericksburg  &   Potomac  Railway i  89 

E.  T.  D.  Myers,  Richmond,  Va. 

Rio  Grande,  Sierra  Madre  &  Pacific  Railway i  160 

J.  P.  Ramsey,  El  Paso,  Texas. 

St.   Louis  &   North   Arkansas   Railroad i  iii 

G.  L.   Sands,   Eureka   Springs,   Ark. 

St.  Louis  &  San  Francisco  Railway  4        3,332 

A.  J.  Davidson.  Springfield,  Mo. 
J.  V.  Hanna,  St.  Louis,  Mo. 
A.  Q.  Campbell,  Springfield,  Mo. 

F.  G.  Jonah,   New  Orleans,  La. 

San  Pedro,  Los  Angeles  &  Salt  Lake  Railroad 3  52 

H.  Hawgood,  Los  Angeles,  Cal. 

E.  M.  Jessup,  Los  Angeles,  Cal. 

H.  M.  McCartney,  Salt  Lake  City,  Utah. 
Santa  Fe,  Prescott  &  Phoenix  Railway 2  224 

J.  H.  Emmert,  Prescott,  Ariz. 

W.  A.  Drake,  Prescott,  Ariz. 
San  Francisco  &  San  Joaquin  Valley  Railroad i  37^ 

A.  D.   Schindler,  Fresno,   Cal. 
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Name  of  Road  and  Membership.                                  Members.    Mileage. 
Sanyo    Railroad I  368 

Junnosuke  Yamaguchi,   Kobe,  Japan. 

Seaboard    Air    Line 3        2,591 

W.  W.  Gwathmey,  Jr.,  Portsmouth,  Va. 

D.  B.  Dunn.  Dallas,  Ga. 
W.  L  Lee,  Cedartown,  Ga. 

Southern   Indiana    Railway 2  148 

F.  W.  Ranno,  Terra  Haute,  Ind. 
J.  F.  Cassell,  Terre  Haute,  Ind. 

Southern   Pacific   Company 16        7,964 

J.  Kruttschnitt,   San  Francisco,  Gal. 
W.  G.  VanVleck,  Houston,  Texas. 
R.  Koehler,  Portland,  Ore. 
Wm.  Hood,  San  Francisco,  Cal. 
J.  H.  Wallace,  San  Francisco,  Cal. 

E.  B.  Gushing,  Houston,  Texas. 
J.  A.  Naugle,  Guaymas,  Mexico. 
J.  D.  Isaacs,  San  Francisco,  Cal. 
T.  Fitzgerald,  Ogden,  Utah. 

W.  A.  Grondahl,  Portland,  Ore. 

E.  L.  Swaine,  Los  Angeles,  Cal. 
C.  C.  Mallard,  Algiers,  La. 

G.  A.  Mountcastle,  Tucson,  Ariz. 

F.  C.  Miller,  Sacramento,  Cal. 
L.  Beauman,  Houston,  Texas. 

C.  S.  Corrigan,  San  Antonio,  Texas. 

Southern    Railway    5        6,740 

C.  H.  Ackert,  Washington,  D.  C. 

D.  W.  Lum,  Washington,  D.  C. 
R.  Southgate,  Greensboro,  N.  C. 
H.  Baker,  Charlotte,  N.  C. 

O.  D.  Killebrew,  Columbia,  S.  C. 

Toledo  Railway  and  Terminal  Company i  30 

T.  F.  Whittelsey,  Toledo,  Ohio. 

Toledo,  St.  Louis  &  Western  Railway i  450 

J.  L.  Frazier,  Frankfort,  Ind. 

Union  Railway   i  57 

E.  C.  Brown,   Port  Perry,  Pa. 

Union    Pacific    Railroad 4        3.029 

J.  B.   Berry,  Omaha,  Neb. 
R.  L.  Huntley,  Omaha,  Neb. 
H.  C.  Ferris,  Omaha,  Neb. 
James  Keys,  Omaha,  Neb. 
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Name  of  Road  and   Membership. 


Members.    Mileage. 


Union  Stock  Yards  &  Railroad  Company 2 

Wm.  J.  C.  Kenyon,  South  Omaha,  Neb. 
W.  S.  King,  South  Omaha,  Neb. 


Union    Belt    Railway 

H.    G.    Fleming,    Memphis,    Tenn. 


Union   Terminal   Railway    

B.   S.  Josselyn.   Sioux  City,   Iowa. 


Vandalia  Line    

F.  T.  Hatch,  Terre  Haute,  Ind. 


Victorian    State    Railways 

Thos.    Tait,    Melbourne,    Australia. 


Wabash   Railroad    

W.  S.  Newhall,  St.  Louis,  Mo. 
A.  O.  Cunningham,  St.  Louis,  Mo. 
E.  K.  Woodward,  Detroit,  Mich. 
W.  W.  Greenland,  Moberly,  Mo. 
A.  G.  Trippeer,  Peru,  Ind. 
J.  K.  Howard,  Decatur,  111. 
Edward   Shelah,   Mansfield,   111. 

Waterloo   &   Cedar   Falls   Rapid   Transit   Co. 
M.  L.   Newton,    Waterloo,  Iowa. 


Wellington  &  Manawatu  Railway  ' 

James  Marchbanks,  Wellington,  New  Zealand. 

West  Jersey  &  Seashore  Railway   

J.  H.  Nichol,  Camden,  N.  J. 

Western  Railways  of  Australia   

Thos.  Watson,  Coolgardie,  W.  Australia. 


Wheeling  &  Lake   Erie   Railroad... 
J.  E.  Taussig,  Canton,  Ohio. 


Wisconsin  &  Michigan  Railroad   .  . 
B.  C.  Gowen,  Peshtigo,  Wis. 


Wisconsin    Central    Lines 2 

C.  N.  Kalk,  Milwaukee,  Wis. 

A.   H.   Langdon,   Fond   du   Lac,  Wis. 

Yazoo   &   Mississippi    Valley    Railroad i 

W.  W.  Hayden,  Memphis,  Tenn. 

Miscellaneous   78 

Total   424 


50 


16 


412 


3,113 


,367 


40 


330 

1,355 

462 

72 


1,047 


178,413 


CONSTITUTION. 


ARTICLE  I. 
Name,  Location,  Object  and  Means. 

Section  I.  Name:  The  name  of  this  Association  shall  be  The  Ameri- 
can Railway  Engineering  and  Maintenance  of  Way  Association. 

Section  2.  Location :  The  offices  of  the  Association  shall  be  located 
in  Chicago,  Illinois. 

Section  3.  Object:  The  object  of  this  Association  shall  be  the  ad- 
vancement of  knowledge  pertaining  to  the  scientific  and  economical  loca- 
tion, construction,  operation  and  maintenance  of  railroads. 

Section  4.  Means:  The  means  to  be  employed  for  this  purpose  shall 
be  as  follows : 

(a)  Meetings  for  the  reading  and  discussion  of  papers  and  for  social 
intercourse. 

(b)  The  investigation  of  matters  pertaining  to  the  objects  of  this 
Association  through  Standing  arid  Special   Committees. 

(c)  The  publication   of   papers,    reports   and  discussions. 
•    (c?)     The  maintenance  of  a  library. 

ARTICLE  II. 

Membership. 

Section  i.  The  Membership  of  this  Association  shall  be  divided  into 
two  classes,  viz.,  Active  and  Honorary. 

Section  2.  Any  Civil,  Mechanical  or  Electrical  Engineer,  who  has 
had  five  years'  experience  in  the  location,  construction  or  maintenance  of 
railroads;  and  any  railroad  official  who  is  responsible  for  or  has  supervision 
of  maintenance  of  way  matters  (embracing  all  grades  of  officials,  from 
General  Managers  to  Engineers  of  Maintenance  of  Way  in  charge  of  Di- 
visions, inclusive),  or  railroad  men  bearing  other  titles  but  performing 
similar  duties,  shall  be  eligible  for  Active  Membership. 

Section  3.  An  Honorary  Member  shall  be  a  person  of  acknowledged 
eminence  in  Railway  Engineering  or  management.  The  number  of  Hon- 
orary Members  shall  be  limited  to  ten.  Honorary  Members  shall  have  all 
the  rights  of  Active  Members,  except   those  of  voting  and  holding  office. 
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Section  4.  Persons  who  are  exclusively  engaged  in  the  sale  or  pro- 
motion of  railroad  patents  or  appliances  shall  not  be  eligible  for  member- 
ship in  this  Association. 

ARTICLE  III. 
Admissions  and  Expulsions. 

Section  i.  The  Charter  Membership  shall  consist  of  all  persons  who 
are  eligible  for  Membership  under  the  provisions  of  Article  II,  and  who 
may  make  applicaton  to  the  Secretary  of  the  Preliminary  Organization  and 
receive  a  majority  of  the  votes  of  the  Organization  Committee  (composed 
of  the  Chairman  and  Secretary  of  the  Preliminary  Organization  and  the 
five  persons  constituting  the  Committee  to  prepare  a  Constitution  and  By- 
Laws),  and  pay  the  entrance  fee,  hereinafter  provided  for,  within  thirty 
days  from  the  date  of  the  adoption  of  this  Constitution. 

Section  2.  After  the  expiration  of  said  thirty  days  persons  desiring 
Membership  shall  make  application  on  the  form  prescribed  by  the  Board 
of  Direction,  referring  to  five  Members.  The  Board  of  Direction,  through 
its  Secretary  or  a  Committee  on  Applications,  shall  make  such  investiga- 
tions of  the  candidate's  fitness  as  may  be  deemed  necessary.  The  Secretary 
of  the  Association  will  furnish  copies  of  the  information  obtained,  together 
with  a  copy  of  the  application,  to  each  member  of  the  Board  of  Direction. 
At  any  time,  thirty  days  after  the  filing  of  the  application,  the  admission 
of  the  applicant  shall  be  voted  on  by  letter  ballot  by  each  Member  of 
the  Board  of  Direction.  Affirmative  votes  by  two-thirds  of  the  Board  of 
Direction  shall  elect  the  candidates. 

Section  3.  All  elected  candidates  shall  be  duly  notified,  and  shall 
subscribe  to  the  Constitution  and  By-Laws,  on  forms  prescribed  by  the 
Board  of  Direction,  and  transmit  to  the  Secretary  the  entrance  fee  herein- 
after prescribed.  If  this  provision  be  not  complied  with  within  six  months 
the  election  shall  be  considered  null  and  void. 

Section  4.  Honorary  Members  shall  be  proposed  by  at  least  ten 
Active  Members  to  the  Secretary.  Each  Member  of  the  Board  of  Direction 
shall  be  furnished  with  a  copy  of  the  proposal,  and  after  thirty  days  votes 
by  ballot  shall  be  taken  by  the  Board  of  Direction  thereon.  If  a  candidate 
shall  receive  the  unanimous  vote  of  said  Board  he  shall  be  declared  elected 
an  Honorary  Member. 

Section  5.  Expulsions :  On  written  charges  preferred  by  ten  or 
more  Members,  addressed  to  the  Secretary  of  the  Association,  the  Member 
complained  of  shall  be  served  with  a  copy  of  said  charges,  and  shall  be 
called  upon  to  show  cause  to  the  Board  of  Direction  why  he  should  not 
be  expelled  from  the  Association.  Thirty  days  after  said  Member  has 
been  properly  notified  of  the  charges  preferred  against  him,  a  vote  shall 
be  taken  on  his  expulsion,  and  he  may  be  expelled  upon  a  two-thirds  vote 
of  the   Board  of   Direction. 


CONSTITUTION.  523 

Section  6.  Resignations :  It  shall  be  the  duty  of  the  Board  of  Direc- 
tion to  accept  the  resignation,  tendered  in  writing,  of  any  Member  whose 
dues  are  fully  paid  up. 

ARTICLE  IV. 
Dues. 

Section  i.  An  initiation  fee  of  $io.co  shall  be  payable  to  the  Sec- 
retary with  each  application  for  Membership ;  this  sum  is  to  be  returned 
to  the  applicant,  however,  who  is  not  elected. 

Section  2.  The  annual  dues  of  this  Association  shall  be  $10.00.  pay- 
able annually,  during  the  first  three  months  of  each  calendar  year  for  the 
current  year. 

Section  3.  Any  person  whose  dues  remain  three  months  in  arrears 
shall  be  notified  of  same  by  the  Secretary.  Should  the  dues  in  arrears 
not  be  paid  prior  to  July  ist  of  each  year,  the  delinquent  Member  shall 
lose  his  right  to  vote,  but  shall  continue  to  receive  the  publications  of  the 
Association.  Should  his  dues  become  nine  months  in  arrears  he  shall  be 
notified  on  the  form  prescribed  by  the  Board  of  Direction  ;  and  if  said 
dues  are  not  paid  by  the  first  of  the  following  year,  he  shall  forfeit  his 
connection   with   the   Association   without    furtljer   action. 

Section  4.  The  Board  of  Direction  may,  however,  extend  the  time 
of  payment  of  dues  and  for  the  application  of  these  penalties.  The  Board 
of  Direction  may  also,  for  sufficient  cause,  excuse  from  payment  the  annual 
dues  of  any  Member  who,  from  ill-health,  advanced  age  or  other  good 
reason,  is  unable  to  pay  his  dues. 

ARTICLE  V. 
Officers. 

Section  i.  The  officers  of  this  Association  shall  consist  of  a  President, 
two  Vice-Presidents,  six  Directors,  a  Secretary  and  a  Treasurer,  who  shall 
constitute  the  Board  of  Direction,  in  which  the  government  of  the  Associa- 
tion shall  be  vested,  and  who  shall  act  as  Trustees  and  have  the  custody  of 
all  property  belonging  to  the  Association. 

Section  2.  The  term  of  office  of  the  President,  Secretary  and  Treas- 
urer shall  be  one  year;  of  the  Vice-Presidents  two  years,  and  of  the  Di- 
rectors three  years ;  with  the  exception,  however,  that  at  the  first  election 
of  officers  after  the  adoption  of  this  Constitution  one  Vice-President  and 
two  Directors  shall  be  elected  to  serve  one  year;  one  Vice-President  and 
two  Directors  for  two  years,  and  two  Directors  for  three  years ;  provided 
also,  that  after  the  first  annual  election  one  Vice-President  and  two  Di- 
rectors shall  be  elected  each  year  in  addition  to  the  President,  Secretary 
and   Treasurer. 

Section  3.  The  first  election  of  officers  under  this  Constitution  shall 
be  held  by  the  Preliminary  Organization  of  Charter  Members  immediately 
after  the  adoption  of  this  Constitution,  and  the  officers  so  elected  shall  at 
once  assume  office.     The  term  of  each  officer  shall  begin  at  the  close  of 
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each  election  and  shall  continue  until  his  successor  shall  be  elected  at  the 
expiration  of  his  term  as  above  set  forth. 

Section  4.  Any  vacancy  in  the  office  of  President  shall  be  filled  by 
the  senior  Vice-President.  A  vacancy  in  the  office  of  Vice-President 
shall  be  filled  by  election  from  among  the  Directors.  In  case  of  the  dis- 
ability or  neglect  in  the  performance  of  his  duty  of  any  officer  of  this 
Association,  the  Board  of  Direction  shall  have  power  to  declare  the  office 
vacant.  Vacancies  in  any  office  for  the  unexpired  term  shall  be  filled 
by  the  Board  of  Direction,  except  vacancy  in  office  of  President,  as  pro- 
vided  above. 

Section  5.  At  least  thirty  days  before  each  annual  meeting,  the 
Board  of  Direction,  who  shall  act  as  a  Nominating  Committee,  shall 
nominate  to  the  Association  a  list  of  officers  for  the  next  ensuing  year. 
At  any  time  prior  to  the  thirty  days  before  the  annual  meeting  any  ten 
Members  of  the  Association  shall  have  the  right  to  nominate  officers  for 
the  ensuing  year.  Thirty  days  prior  to  each  annual  meeting  the  Secretary 
shall  issue  ballots  to  each  Member  of  record  in  good  standing,  with  a 
list  of  the  several  candidates  to  be  voted  upon,  whose  names  shall  be  placed 
in  alphabetical  order  if  more  than  one  person  is  nominated  for  any  position. 
Ballots  shall  be  placed  in  a  sealed  envelope,  with  the  name  of  the  Member 
voting  indorsed  thereon,  and  deposited  with  the  Secretary  at  any  time 
previous  to  the  annual  meeting.  At  the  annual  meeting  three  tellers  shall 
be  appointed,  who  shall  open  and  count  the  ballots  and  report  the  result 
thereof.  The  majority  of  votes  cast  for  any  nominee  shall  determine  his 
election. 

ARTICLE  VI. 
Management. 

Section  i.  The  President  shall  have  a  general  supervision  of  the 
affairs  of  the  Association.  He  shall  preside  at  all  meetings  of  the  Associ- 
ation and  at  all  meetings  of  the  Board  of  Direction,  and  shall  be  ex-officio 
Member  of  all  Committees. 

The  Vice-Presidents  in  order  of.  seniority  shall  preside  at  meetings 
in  the  absence  of  the  President,  and  discharge  his  duties  in  case  of  a 
vacancy  in   his  office. 

Section  2.  The  Board  of  Direction  shall  manage  the  affairs  of  the 
Association  and  shall  have  full  power  to  control  and  regulate  all  matters 
not  otherwise  provided  for  in  the  Constitution. 

Section  3.  The  Treasurer  shall  receive  all  moneys  and  deposit  same 
in  the  name  of  the  Association,  and  shall  receipt  to  the  Secretary  therefor. 
He  shall  invest  all  funds  not  needed  for  current  disbursements  as  shall  be 
ordered  by  the  Board  of  Direction.  He  shall  pay  all  bills,  when  properly 
certified  and  audited  by  the  Board  of  Direction,  and  make  such  reports  as 
may  be  called  for  by  the  Board  of  Direction. 

Section  4.  The  Secretary  shall  be,  under  the  direction  of  the  Presi- 
dent and  Board  of  Direction,  the  Executive  Officer  of  the  Association.  He 
shall  attend  all  meetings  of  the  Association  and  of  the  Board  of  Direction; 
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prepare  the  business  therefor,  and  duly  record  the  proceedings  thereof. 
He  shall  see  that  all  moneys  due  the  Association  are  carefully  collected 
and  without  loss  transferred  to  the  custody  of  the  Treasurer.  He  shall 
personally  certify  to  the  accuracy  of  all  bills  or  vouchers  on  which  money 
is  to  be  paid.  He  is  to  conduct  the  correspondence  of  the  Association 
and  keep  a  proper  record  thereof,  and  perform  such  other  duties  as  may 
be  assigned  to  him  from  time  to  time  by  the  Board  of  Direction. 

ARTICLE  VII. 
Committees. 

Section  i.  The  Board  of  Direction  shall  meet  within  ten  days  after 
each  annual  meeting,  and  shall  appoint  from  among  its  Members  a  Finance 
Committee  of  three,  a  Library  Committee  of  three  and  a  Committee  on 
Publications  of  three.  These  Committees  shall  report  to  the  Board  of 
Direction  and  perform   their   duties   under   its   supervision. 

Section  2.  The  Finance  Committee  shall  have  the  immediate  super- 
vision of  the  accounts  and  financial  afifairs  of  the  Association  ;  shall  approve 
all  bills  before  payment,  and  shall  make  recommendations  to  the  Board 
of  Direction  as  to  the  investment  of  moneys  and  as  to  other  financial  mat- 
ters. 

Section  3.  The  Library  Committee  shall  have  general  supervision  of 
the  Library  of  the  Association  and  property  therein. 

Section  4.  The  Committee  on  Publications  shall  have  general  super- 
vision  of  the  publications   of  the   Association. 

Section  5.  The  Board  of  Direction  may  appoint  such  Standing  Com- 
mittees as  it  may  deem  best,  to  investigate,  consider  and  report  upon 
methods  or  appliances  pertaining  to  the  general  question  of  railroad  loca- 
tion,   construction    or    maintenance. 

Section  6.  Special  Committees  to  examine  into  and  report  upon  any 
subject  connected  with  the  purposes  of  this  Association  may  be  appointed 
in  the  following  manner: 

A  resolution  to  appoint  such  Committee,'  setting  forth  its  objects  and 
the  number  of  its  Members,  may  be  presented  by  letter  at  any  time  to  the 
Secretary  of  the  Association,  if  signed  by  ten  Active  Members,  and  shall 
be  referred  by  him  to  the  Board  of  Direction,  which,  if  it  sees  fit,  may 
appoint  such  Committee.  If  the  Board  of  Direction  should  not  deem  it 
expedient  to  appoint  such  a  Committee,  the  Members  requesting  the  ap- 
pointment of  such  Committee  shall  be  notified,  and  the  matter  will  then 
be  referred  to  the  Association  at  its  next  annual  meeting  and  decided  upon 
by  ballot.  If  two-thirds  of  the  Members  present  vote  in  favor  of  such 
Committee  it  shall  be  appointed  by  the  President. 

ARTICLE  VIH. 

Meetings. 

Section  i.  The  annual  meeting  shall  be  held  each  year  at  such  place 
and  at  such  time  as  may  be  selected  by  the  Board  of  Direction.     Twenty- 
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five  Active  Members  shall  constitute  a  quorum.  Other  meetings  of  the 
Association  may  be  held  at  such  times  and  at  such  places  as  the  Board 
of  Direction  may  select.  The  Secretary  shall  notify  all  Members  of  the 
time  and  place  of  all  meetings  of  the  Association  at  least  thirty  days  in 
advance  thereof. 

Section  2.  The  Board  of  Direction  shall  meet  at  such  times  and  at 
such  places  as  a  majority  of  the  Board  may  determine.  Five  Members 
of  the  Board  of  Direction  shall  constitute  a  quorum. 

Section  3.  The  order  of  business  at  meetings  of  the  Association  shall 
be  as  follows : 

1.  Reading  of  Minutes  of  last  meeting. 

2.  Address  of  the  President. 

3.  Admission  of  new  Members. 

4.  Reports   of  the    Secretary   and   Treasurer. 

5.  Reports  of  Standing  Committees. 

6.  Reports   of   Special    Committees. 

7.  Unfinished  business. 

8.  New  business. 

9.  Reading  of  papers  and  discussion  thereof. 

10.  Election  of  Officers. 

11.  Adjournment. 

This  order  of  business,  however,  may   be  varied   from,   on  a  majority 
vote  of  Members  present  at  any  meeting. 

Section  4.  Discussions  shall  be  limited  to  Members  and  to  those 
invited  to  speak  by  the  Presiding  Officer. 

ARTICLE  IX. 
Amendments. 

Section  i.  Proposed  amendments  to  this  Constitution  must  be  made 
in  writing  and  signed  by  not  less  than  ten  Active  Members,  and  shall  be 
acted   upon   in  the   following  manner : 

The  amendments  shall  be  presented  to  the  Secretary,  who  shall  send 
a  copy  of  same  to  each  Member  of  the  Board  of  Direction  as  soon  as 
received.  If  at  the  next  meeting  of  the  Board  of  Direction  a  majority 
of  the  Board  are  in  favor  of  considering  the  proposed  amendment,  the 
matter  shall  then  be  submitted  by  letter  to  each  Active  Member  of  the 
Association  for  voting  by  ballot,  and  the  result  announced  by  the  Secretary 
at  the  next  annual  meeting  of  the  Association.  In  case  two-thirds  of  the 
votes  received  are  affirmative,  the  amendment  shall  be  declared  adopted. 
Amendments  so  adopted  shall  take  effect  thirty  days  thereafter. 


GENERAL  RULES  FOR  CONSIDERATION  AND  PUBLI- 
CATION OF  COMMITTEE  REPORTS. 


(i)  No  report  shall  come  before  the  convention  for  discussion  unless 
it  has  been  published  in  the  Bulletin. 

(2  )  Written  discussions  on  published  reports  will  appear  in  subse- 
quent Bulletins.  The  last  Bulletin  before  the  convention  will  appear 
about  February  ist.  Discussions  received  between  December  31st  and 
February  15th,  which  do  not  appear  in  the  last  Bulletin,  will  be  published 
in  leaflet  form.  The  convention  will  be  held  about  the  middle  of  March 
of  each  year.  Discussions  received  after  February  15th  will  not  be  pub- 
lished prior  to  the  convention,  but  will  be  transmitted  to  the  respective 
committee  as  soon  as  received.  Reports  for  which  no  definite  date  for 
publication  has  been  fixed  by  the  Board  of  Direction  must  be  presented 
not  later  than  December  31st.  Reports  received  after  December  31st  will 
not  come  before  the  following  convention  for  discussion,  will  be  withheld 
from  the  public  press,  published  in  a  Bulletin  after  the  convention,  and 
considered  at  the  next  convention. 

(3)  Reports  will  be  considered  by  the  convention  in  the  order  of  their 
publication  in  the  Bulletin,  unless  the  convention  by  a  two-thirds  majority 
may  decide  to  give  precedence  to  one  or  more  particular  reports. 

(4)  No  report  shall  be  published  in  the  Proceedings  unless  it  shall 
have  been  acted  upon  by  the  convention.  Reports  coming  before  the  con- 
vention and  not  being  acted  upon  for  lack  of  time,  will  be  published  in 
subsequent  Bulletins,  together  with  all  written  discussions  presented  to  the 
Secretary  thereon,  at  times  fixed  by  the  Board  of  Direction. 

(5)  The  method  of  consideration  of  reports  will  be  as  follows : 

(a)  Reading  by  title. 

(b)  Reading,  discussing  and  acting  upon  each  conclusion  sep- 

arately. 

(c)  By   majority    vote,    discussion    will    be    had   of    each    item. 

Clauses  not  objected  to  when  read  will  be  considered  as 
voted  upon  and  adopted. 

(6)  Action  by  the  convention  on  reports  will  be  one  of  the  follow- 
ing, after  discussion  is  closed : 

(a)  Adoption  as  submitted. 

(b)  Adoption  of  a  portion  and  referring  remainder  back  to  com- 

mittee. 

(c)  Receiving  as  a  progress  report  and  referring  back  to  com- 

mittee. 

(7)  Reports  will  be  published  in  the  Proceedings  in  their  original  form, 
as  presented  by  the  committee ;  but  the  Secretary  will  prepare  for  con- 
venience of  reference  a  summary  of  the  alterations  recommended  by  the 
Association,  and  insert  the  same  immediately  after  the  signature  of  the 
committee,  and  preceding  the  discussion. 

(8)  All   discussions,  both   oral   and   written,  will   be   published   in   the 
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Proceedings.  Each  speaker's  remarks  will  be  submitted  to  iiim  in  writing 
before  publication  in  the  Proceedings  for  correction  of  diction  and  errors 
of  reporting,  but  not  for  the  elimination  of  remarks. 

(9)  All  committee  organizations  are  to  be  considered  permanent  un- 
less changes  are  made  by  the  Board  of  Direction. 

(10)  As  soon  as  possible  after  each  annual  convention  the  Board  of 
Direction  will  announce  the  outline  of  committee  work  for  the  next  con- 
vention, with  list  of  committeemen. 

(11)  Reports  as  finally  adopted  by  the  Association  will  be  published 
from  time  to  time  in  a  volume  to  be  entitled  "The  Manual  of  Defini- 
tions, Specifications  and  Principles  of  Practice,  Adopted  by  the 
American  Railway  Engineering  and  Maintenance*  of  Way  Associa- 
tion." 

INSTRUCTIONS    TO    COMMITTEES. 


(i)  Submit  condensed  statement  of  meetings  held  and  names  of 
members  in  attendance ;  also  personnel  of  sub-committees  appointed  for 
special  subjects. 

(2)  Review  briefly  previous  reports,  describing  action  taken  by  the 
Association  thereon,  enumerating  in  their  order  all  conclusions  adopted, 
referring  to  volume  and  page  of  Proceedings.  Submit  recommendations 
for  changes  in  previously  adopted  reports  when  deemed  advisable,  and 
include  specifications  or  standards  adopted  at  the  last  convention. 

(3)  Make  special  effort  by  personal  request  and  letters  to  secure 
written  discussion  of  past  reports  as  a  guide  for  future  action. 

(4)  Frame  reports  to  conform  to  the   following  general   plan : 
First — Historical. — A   brief   account    of   the   history   of   the    subject- 
matter  of  the  report,  giving  an  outline  of  the  origin  and  development  of 
the  same. 

Second — Analytical. — An  analysis  of  the  subject-matter  of  the  re- 
port, especially  of  the  most  important  elements  thereof. 

Third — Argument. — A  statement  giving  the  advantages  in  favor  of 
the  recommended  practices  and  the  disadvantages  of  the  old  or  present 
practices. 

Fourth — Conclusions. — The  final  recommendations  for  the  adoption 
of  the  various  elements  of  the  report  in  the  order  of  sequence,  expressing 
in  succinct  language  the  action  which  the  convention  is  desired  to  take. 
Fifth — Definitions. — Submit  definitions  of  technical  terms  used  in 
the  report,  the  meaning  of  which  is  not  clearly  established,  defining  them 
only  from  a  professional  standpoint. 

Sixth — Plans. — The  title  of  the  drawings  or  plans,  submitted  with 
reports,  to  be  placed  in  the  upper  right-hand  corner,  together  with  the 
following  lettering : 

Am.  Ry.  Eng.  &  M.  W.  Assn. 
Convention   of   19 — . 

Committee  on  . 

(Title  of   Drawing.) 


PERSONNEL  OF  COMMITTEES. 


(i)     ROADWAY. 

OUTLINE   OF    WORK. 

Revise  in  light  of  discussion  and  submit  with  marginal  index. 

PERSONNEL. 

W.  McNab,  Chairman;  Assistant  Engineer,  Grand  Trunk  Railway  Sys- 
tem, Montreal,  Canada. 

H.  J.  Slifer,  Vice-Chairiiian;  General  Superintendent,  Chicago,  Rock 
Island  &  Pacific  Railway,  Chicago,  111. 

C.  Frank  Allen,  Professor  of  Railroad  Engineering,  Massachusetts  In- 
stitute of  Technology,   Boston,  Mass. 

Hadley  Baldwin,  Superintendent,  Cleveland,  Cincinnati,  Chicago  &  St. 
Louis  Railway,   Mattoon,  111. 

R.  C.  Barnard,  Superintendent,  Pennsylvania  Lines,  Cambridge,  O. 

J.  B.  Berry,  Chief  Engineer,  Union  Pacific  Railroad,  Omaha,  Neb. 

A.  C.  Dennis,  Civil  Engineer,  Clarksburg,  W.  Va. 

C.  Dougherty,  Superintendent,  Illinois  Central  Railroad,  Clinton,  111. 

W.  D.  Pence,  Professor  of  Civil  Engineering,  Purdue  University,  La- 
fayette, Ind. 

H.  C.  Phillips,  Engineer,  Western  Grand  Division,  Santa  Fe  Railway, 
La  Junta,  Colo. 

W.  F.  Tye,  Assistant  Chief  Engineer,  Canadian  Pacific  Railway,  Montreal, 
Canada. 

(2)     BALLAST. 

OUTLINE    OF    WORK. 

Invite  discussion    and  revise  if  necessary.     Publish  in  Bulletin  August 
1st.     Discussion  to  close  July  ist. 

PERSONNEL. 

H.  U.  W.ALLACE,  Chairman ;  Chief  Engineer,  Illinois  Central  Railroad, 
Chicago,    111. 

C.  A.  Paquette,  Vicc-Chairman;  Superintendent,  Cleveland.  Cincinnati, 
Chicago   &   St.    Louis   Railwaj'^,   Indianapolis,    Ind. 

W.  W.  CoLPiTTS,  Division  Engineer,  Kansas  City,  Mexico  &  Orient  Rail- 
way, Kansas  City,  Mo. 
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J.  V.  Hanna,  Assistant  Chief  Engineer,  St.  Louis  &  San  Erancisco  Rail- 
road, St.  Louis,  Mo. 

F.  T.  Hatch,   Superintendent,  Vandalia  Line,   Terre  Haute,   Lid. 

E.  HoLBROOK,  Chief  Engineer,  Missouri,  Oklahoma  &  Kansas  City  Rail- 
road, Coffeyville,   Kan. 

J.  O.  Osgood.  Chief  Engineer,  Central  Railroad  of  New  Jersey,  Jersey 
City,  II.   J.  '^ 

J.  G.  Sullivan,  Division  Engineer,  Canadian  Pacific  Railway,  Winnipeg, 
Manitoba. 

G.  M.  Walker,  Jr.,  Assistant  Engineer,  Kansas  City  Belt   Railway,  Kan- 

sas City,  Mo. 

(3)     TIES. 

OUTLINE    OF    WORK. 

Specifications  of  untreated  ties  and  classification  and  inspection  of 
new  ties.     Preservative  processes.     Statistics. 

Invite  discussion  and  revise  if  necessary.  Publish  in  Bulletin  Sep- 
tember 1st.     Discussion  to  close  August  ist. 

PERSONNEL. 

E.  B.  Gushing.  Chairman;  Engineer  Maintenance  of  W'ay,  Southern  Pa- 
cific  Company,   Houston,    Texas. 

W.  W.  Curtis,  Vice-Chairman;  Consulting  Engineer,  Chicago,  HI. 

W^  Archer,  Principal  Assistant  Engineer,  Baltimore  &  Ohio  South- 
western   Railroad,    Cincinnati,    O. 

Robert  Bell,  Superintendent,  Pennsylvania   Railroad,  Buffalo,  N.  Y. 

O.   Chanute,  Consulting  Engineer,   Chicago,   111. 

E.  Ford,  Superintendent,  Vicksburg.  Shreveport  &  Pacific  Railway,  Vicks- 
burg,  Miss. 

R.  R.  Hammond,  General  Manager,  Chicago  &  Eastern  Illinois  Railroad, 
Chicago,  111. 

E.  E.  Hart,  Engineer.  New  York,  Chicago  &  St.  Louis  Railway,  Cleve- 
land, O. 

W.  W.  Hayden,  Assistant  Engineer,  Illinois  Central  Railroad,  Memphis, 
Tenn. 

P.  A.  McCarthy,  Chief  Engineer,  Eastern  Texas  Railroad.  Lufkin, 
Texas. 

J.  C.  Nelson,  Roadmaster,  Alabama  Great  Southern  Railway,  Birming- 
ham, Ala. 

S.   M.   RowE.  Consulting  Engineer,   Chicago,   111. 


(4)     RAIL. 
outline  of  work. 

Drop  tests.      Shrinkage   clause.      Confer  with   Track   Committee   with 
regard  to  standard  drilling.     Submit   revised  specifications,  if  deemed  ad- 
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visable,    supplying   marginal    index.     Publish    October    ist.     Discussion   to 
close   September   ist. 

PERSONNEL. 

Wm.  R.  Webster,  Chairjiian;  Consulting  and  Inspecting  Engineer,  Phila- 

.    delphia,  Pa. 
R.    MoNTFORT,    Vice-Chairman;    Chief    Engineer,    Louisville    &    Nashville 
Railroad,   Louisville,   Ky. 

F.  E.  Abbott,  Lispecting  Engineer,  Illinois  Steel  Company,   Chicago,  111. 

G.  BouscAREN,   Consulting  Engineer,   Cincinnati,   O. 

S.  M.  Felton,  President,  Chicago  &  Alton  Railway,  Chicago,  111. 

Robert  W.  Hunt,  Consulting  Engineer,  Chicago,  111. 

J.  T.  Richards,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania  Rail- 
road.  Philadelphia,   Pa. 

R.  Trimble,  Chief  Engineer  Maintenance  of  Way,  Northwest  Sj'stem. 
Pennsylvania  Lines,  Pittsburg,  Pa. 

G.  B.  Woodworth,  Rail  Inspector.  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way, Chicago,  111. 

(5)     TRACK. 

outline  of  work. 

Invite  discussion  and  revise  if  necessary.  Confer  with  Rail  Com- 
mittee on  subject  of  standard  drilling.  A  discussion  of  the  prevailing 
opinions  with  reference  to  the  advisability  of  blocking  frogs  and  switches, 
with  respect  to  the  safety  of  trainmen  and  trains,  and  the  most  eflfective 
methods  therefor.    Publish  November  ist.     Discussion  to  close  October  ist. 

personnel. 

Garrett  Davis.  Chainiiaii;  Principal  Assistant  Engineer,  Chicago,  Rock 
Island   &   Pacific   Railway,    Cedar   Rapids,   Iowa. 

E.  H.   Lee,   Vice-Chairman ;    Engineer  and   General   Roadmaster,   Chicago 

&  Western  Indiana  Railway,  Chicago,  111. 

F.  R.  CoATES,  Chief  Engineer,  Chicago  Great  Western  Railway,  St.  Paul, 

Minn. 
John  Doyle,  Contracting  Engineer,  Toledo,  O. 

C.  B.  HoYT,  Chief  Supervisor  of  Tracks,  New  York,  Chicago  &  St.  Louis 

Railway,  Bellevue,  O. 

D.  MacPhersox,  Division  Engineer,  Canadian   Pacific  Railway,  Montreal, 

Canada. 

G.  A.  Mountain,  Chief  Engineer,  Canada  Atlantic  Railway,  Ottawa,  Can. 
W.  B.  Poland,  Superintendent,  Baltimore  &  Ohio  Southwestern  Railroad, 

Cincinnati,    O. 
J.  C.  Sesser,   131   Pleasant   Street,  Benton  Harbor.   Midi. 
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(6)     BUILDINGS. 

OUTLINE    OF    WORK. 

Invite  discussion  and  revise  if  necessary.  Publish  August  ist.  Dis- 
cussion  to   close   July    ist. 

PERSONNEL. 

H.  W.  Parkhurst,  Chairman;  Engineer  Bridges  and  Buildings,  Illinois 
Central  Railroad,  Chicago,  111. 

A.  R.    Ravmer,    Vice-Chairman;   Assistant    Chief    Engineer,    Pittsburg   & 

Lake  Erie  Railroad,  Pittsburg,  Pa. 
E.  DB.  Brown,  Architect,  Lehigh  Valley  Railroad,  New  York,  N.  Y. 
H.   W.   Cowan,   Chief   Engineer,   Colorado   &   Southern   Railway,   Denver, 

Colo. 

B.  C.  GowEN,  Chief  Engineer,  Wisconsin  &  Michigan  Railroad,   Peshtigo, 

Wis. 

E.  C.    Macy,   Assistant    Engineer,    Chicago    Great    Western    Railway,    St. 

Paul,   Minn. 
W.  S.  Newhall,  Chief  Engineer,  Wabash  Railroad,  St.  Louis,  Mo. 
L.   D.  Smith,  Building  Supervisor,  Gulf,  Colorado  &  Santa  Fe  Railway, 

Galveston,  Texas. 

(7)     WOODEN    BRIDGES    AND    TRESTLES. 
outline  of  work. 

Invite  written  discussion  on  report  as  published  and  revise  if  neces- 
sary. Characteristics  of  the  wooden  materials  of  construction.  Confer 
with  manufacturers  and  present  standard  specifications  for  bridge  and 
trestle  timber  of  various  kinds  not  intended  for  preservative  treatment. 
Publish  December  ist.     Discussion  to  close  November  ist. 

PERSONNEL. 

D.  W.  LuM,  Chairman;  Engineer  Bridges  and  Buildings,  Southern  Rail- 
way, Washington,  D.  C. 

C.  F.  LowETH,  Vice-Chairman;  Engineer  and  Superintendent  Bridges 
and  Buildings,  Chicago,  Milwaukee  &  St.  Paul  Railway,  Chicago,  111. 

F.  M.   BiSBEE,  General   Manager,  Los  Angeles  Land  &  Water  Company, 

Los  Angeles,  Cal. 

H.  G.  Fleming,  President  and  Chief  Engineer,  Belt  Railway,  Memphis, 
Tenn. 

W.  A.  Grondahl,  Resident  Engineer,  Southern  Pacific  Company,  Port- 
land,  Ore. 

F.  P.  Gutelius,  Engineer  }ilaintenance  of  Way,  Canadian  Pacific  Rail- 
way,  Montreal,  Canada. 

J.  C.  Haugh,  Resident  Engineer,  New  Orleans  &  Northeastern  Railway, 
New  Orleans,  La. 
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W.  I.  Lee,  Assistant  Engineer,  Seaboard  Air  Line,   Savannah,  Ga. 
C.   C.    Mallard,   Division    Engineer,   Southern    Pacific   Company.   Algiers, 
La. 

F.  C.  Miller,  Resident  Engineer.  Southern  Pacific  Company,  Sacramento, 

Cal. 
A.    F.    Robinson,    Bridge   Engineer.    Santa   Fe   Railway    System,    Topeka, 

Kan. 
O.   J.    Travis,    Superintendent    Bridges.    Colorado    &    Southern    Railroad, 

Denver,  Colo. 
Job  TuTHiLL,  Bridge   Engineer,  Pere   Marquette  Railway,   Detroit.   Mich. 
L   O.   Walker,  Assistant   Engineer,   Nashville,   Chattanooga  &   St.    Louis 

Railway,   Paducah,  Ky. 

(8)     MASONRY. 

OUTLINE  OF  WORK. 

Invite  discussion  on  that  part  not  discussed  at  convention  and  re- 
vise if  necessary.  Specifications  for  sand  and  tests  to  be  applied  to 
determine  quality.  Sand  tests  for  cement  specifications.  Theory  and 
design  for  steel  concrete.  Marginal  index  for  specifications.  Publish 
December  ist.     Discussion  to  close  November   ist. 

PERSONNEL. 

E.  C.  Brown,  Cliainiiaii ;  Engineer  ^Maintenance  of  Way,  L^nion  Railroad, 
Port    Perry,   Pa. 

John    Dean.   Vice-Chainnan ;   Consulting   Engineer.   Chicago.    111. 

W.  L.  Breckinridge,  Chief  Engineer,  Chicago.  Burlington  &  Quincy  Rail- 
road. Chicago,  111. 

M.  W.  CooLEY,  Consulting  Engineer.  Barber  Asphalt  Company,  Cam- 
bridge,  Mass. 

A.  O.  Cunningham,  Bridge  Engineer.  Wabash  Railroad,  St.  Louis,   Mo. 

C.  Lewis,  Civil  Engineer,  New  York,  N.  Y. 

J.   W.    Schaub,   Consulting   Engineer,    Chicago,    111. 

G.  F.   Swain,  Professor  of  Civil   Engineering,  Massachusetts  Institute  of 

Technology,  Boston,  Mass. 
W.   D.    Taylor,   Professor   of   Railroad   Engineering,    University   of   Wis- 
consin, Madison,  Wis. 


(9)     SIGNS,    FENCES,    CROSSINGS    AND    CATTLE-GUARDS. 

OUTLINE    OF    WORK. 

Invite  discussion  and  revise  if  necessary.  Call  attention  to  changes, 
if  any,  in  laws  previously  published  relating  to  grade  crossings.  Publish 
October  ist.     Discussion  to  close  September  ist. 
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PERSONNEL. 

A.  S.  Baldwin,  Chairman;  Engineer  of  Construction,  Illinois  Central 
Railroad,   Chicago,    111. 

E.  G.  Ericson,  Vice-Chairman;  Principal  Assistant  Engineer,  Pennsyl- 
vania Lines,  Pittsburg,  Pa. 

H.  Baker,  Superintendent,  Southern  Railway,  Charlotte,  N.  C. 

C.  F.  Blue,  Roadmaster,  Mobile  &  Ohio  Railroad,  Cairo,  111. 

C.  H.  EwiNG,  Division  Engineer,  Philadelphia  &  Reading  Railway,  Read- 
ing, Pa. 

T.  L.  Hanley,  Assistant  Engineer,  Grand  Trunk  Railway,  Marcellus, 
Mich. 

A.  G.  Norton,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Wheeling, 
W.  Va. 

H.  Pierce,  Superintendent,  Chesapeake  &  Ohio  Railway,  Ronceverte, 
W.  Va. 

W.  D.  Williams,  Chief  Engineer,  Cincinnati  Northern  Railroad,  Van 
Wert,  O. 

(lo)     SIGNALING    AND    INTERLOCKING. 

OUTLINE    OF    WORK. 

Invite  discussion  on  part  not  adopted.     Revise  if  necessary.     Specifi- 
cations. 

PERSONNEL. 

J.  C.  Mock,  Chainnan ;  Signal  Engineer,  Michigan  Central  Railroad, 
Detroit,   Mich. 

W.  C.  Gushing,  Vicc-Chairnian ;  Chief  Engineer  Maintenance  of  Way, 
Southwest   System,   Pennsylvania   Lines,   Pittsburg,   Pa. 

C.  L.  Addison,  Superintendent  of  Transportation,  Long  Island  Railroad, 
Long  Island  City,   N.   Y. 

C.  S.  Corrigan,  Resident  Engineer,  Southern  Pacific  Company,  San  An- 
tonio,  Texas. 

Chas.  Dunham,  Signal  Engineer,  Illinois  Central  Railroad,  Chicago,  111. 

Lawrence  Griffith,  Engineer  Maintenance  of  Way,  Grand  Central  Sta- 
tion &  Harlem  Line,  New  York  Central  Railroad,  New  York,  N.  Y. 

A.  S.  Markley,  Superintendent  Bridges  and  Buildings,  Chicago  &  East- 
ern Illinois  Railroad,  Danville,  111. 

A.  H.  RuDD,  Assistant  Signal  Engineer,  Pennsylvania  Railroad,  Phila- 
delphia,  Pa. 

H.  M.  Steele,  Chief  Engineer,  Central  of  Georgia  Railway,  Savannah, 
Ga. 

(ii)     RECORDS,    REPORTS    AND    ACCOUNTS. 
outline  of   work. 
Invite   discussion    and    revise     if   necessary.      Confer    with    American 
Association    of    Railway    Accounting    Officers    and    report    on    plan    for 
proper  subdivision  of  Additions  and   Betterment  Accounts. 
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PERSONNEL. 

Edwin  F.  Wendt,  Chainnan;  Assistant  Engineer,  Pittsburg  &  Lake  Erie 

Railroad,  Pittsburg,  Pa. 
Walter  G.  Berg,  Vice-Chair  man;  Chief  Engineer,  Lehigh  Valley  Railroad, 

New  York,  N.  Y. 
H.  F.  Baldwin,  Chief  Engineer,  Chicago  &  Alton  Railway,  Chicago,  111. 
M.  L.  Byers,  Assistant  to  General  Manager,  Baltimore  &  Ohio  Railroad, 

Baltimore,  Md. 
W.    S.    KiNNEAR,    Chief    Engineer,    Michigan    Central    Railroad,    Detroit, 

Mich. 
F.    L.    Nicholson,   Engineer   Maintenance   of   Way,    Norfolk   &   Southern 

Railroad,  Norfolk,  Va. 

F.  W.  Scarborough,  Engineer  Maintenance  of  Way,  Chesapeake  &  Ohio 

Railway,    Richmond,    Va. 
J.   E.  Turk,  Superintendent,   Philadelphia  &   Reading  Railway,    Tamaqua, 

Pa. 
H.  A.  Woods,  Assistant  Engineer,  Grand  Trunk  Railway,  Detroit,  Mich. 

E.  K.  Woodward,  Engineer  Maintenance  of  Way,  Wabash  Railroad,  De- 

troit,  Mich. 

(13)     WATER    SERVICE. 

OUTLINE    OF    WORK. 

Invite  discussion  and   revise. 

PERSONNEL. 

J.   L.   Frazter,   Chairman;   General    Superintendent,   Toledo,    St.    Louis   & 

Western   Railroad,   Frankfort,   Ind. 
O.  D.   Richards,   V ice-Chairman;   Chief  Engineer,  Ann   Arbor   Railroad, 

Toledo,  O. 
J.  A.  Barnard,  General  Manager,  Peoria  &  Eastern  Railroad,  Indianapolis, 

Ind. 

G.  M.  Davidson,  Chemist  and  Engineer  of  Tests,  Chicago  &  Northwestern 

Railway,  Chicago,  111. 

F.  A.  Delano,  General  Manager,  Chicago,  Burlington  &  Quincy  Railroad, 

Chicago,  111. 

Paul  Jone^,  Engineer  Maintenance  of  Way,  Pennsylvania  Lines,  Colum- 
bus, O. 

W.  A.  McGonagle,  Assistant  to  President,  Duluth.  Missaba  &  Northern 
Railroad,  Duluth,  Minn. 

St    D.    PuGH,   Assistant    Engineer,    Pennsylvania    Lines,    Valparaiso,    Ind. 

C.  A.  Wilson,  Chief  Engineer,  Cincinnati,  Hamilton  &  Dayton  Railroad, 
Cincinnati,  O. 
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(14)     YARDS    AND    TERMINALS. 

OUTLINE    OF    WORK. 

Invite  further  discussion    and  revise    if  necessary. 

PERSONNEL. 

W.  G.  Besler,  Chairman;  Vice-President  and  General  Manager,  Central 
Railroad  of  New  Jersey,  New  York,  N.  Y. 

E.  E.  R.  Tratman,  Vice-Chairman;  Resident  Editor,  Engineering  News, 
Chicago,   111. 

J.  A.  Atwood,  Chief  Engineer,  Pittsburg  &  Lake  Erie  Railroad,  Pitts- 
burg, Pa. 

M.  S.  Blaiklock,  Superintendent,  Grand  Trunk  Railway,  Montreal, 
Canada. 

J.   B.   Cox,  Chief  Engineer,   Chicago  Junction  Railway,  Chicago,   111. 

E.  P.  Dawiey,  Assistant  Chief  Engineer,  New  York,  New  Haven  &  Hart- 

ford Railroad,  Boston,  Mass. 
C.  F.  W.  Felt,  Chief  Engineer,  Gulf,  Colorado  &  Santa  Fe  Railway,  Gal- 
veston, Texas. 

F.  O.   Melcher,   Superintendent,   Illinois   Division,    Chicago,   Rock   Island 

&  Pacific  Railway,  Chicago,  111. 

G.  F.  Morse,  Assistant  Engineer,  Lehigh  Valley  Railroad,  Buffalo,  N.  Y. 
C.  S.  SiMSj  General  Manager,  Baltimore  &  Ohio  Railroad,  Baltimore,  Md. 
F.   S.   Stevens,  Superintendent,   Philadelphia  &  Reading  Railway.   Read- 
ing, Pa. 

(15)     IRON   AND    STEEL   STRUCTURES. 

OUTLINE    OF    WORK. 

Invite   further  discussion    and   revise  if   necessary.     Impact,   reaming, 
bending  tests,  uniform  loading. 

PERSONNEL. 

J.  p.  Snow,  Chairman;  Bridge  Engineer,  Boston  &  Maine  Railroad, 
Boston,  Mass. 

B.  Douglas,  Vice-Chairman;  Bridge  Engineer,  Michigan  Central  Rail- 
road, Detroit,  Mich. 

M.  F.  Brown,  Chief  Engineer,  Boston  Bridge  Works,  Boston,  Mass. 
John  Brunner,  Assistant  General  Superintendent,  North  Works,  Illinois 

Steel  Company,  Chicago,  111. 
T.   L.   Condron,  Consulting  Engineer,   Chicago,   111. 

C.  L.   Cr.\ndall,   Professor  of  Railroad   Engineernig,   Cornell   University, 

Ithaca,  N.  Y. 
J.   E.  Greiner,  Bridge  Engineer,  Baltimore  &   Ohio  Railroad,   Baltimore, 

Md. 
W.  M.  Hughes,  Consulting  Engineer,  Chicago,  111. 
C.   C.  Schneider,  Consulting  Engineer,  American  Bridge  Company,  New 

York,  N.  Y. 
J.  R.  Worcester,  Consulting  Engineer,  Boston,  Mass. 
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COMMITTEES   OF   THE    BOARD   OF    DIRECTION. 

On    Finance. 

F.  H.   McGuiGAN,  Chairman;         \V.   S.   Dawlev.  T.   F.  Whittelsev. 

0>i    Publications. 
A.    W.    Sullivan,   Chairman :  James    Dun,  E.    H.    Fritch. 

On   Library. 
A.  W.  Johnston.  Chairman:  H.    G.    Kellev,  G.    W.    Kittredge. 
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INDEX. 


Abbott,  F.   E.,   remarks  of,  271,  282. 

Addison,   C.   L.,   remarks  of,  321. 

Address,  President's  annual,  6,  7. 

Allowable  variations  in  structural  steel,   130,   132,   133. 

Amendments  to  report  on  Roadway,  33-35 ;  to  report  on  Iron  and   Steel 

Structures.    141,    142;   to   report   on    Signaling   and   Interlocking.   299; 

to    report    on    Masonry,    394,   395. 
Annealed   specimens  of  steel,   131. 
Annealing  of  steel,  136. 

Arm,  standard  semaphore,  for  train-order  signal,  inset,  pp.  310,  311. 
Assembling   of  bridge   members,    134;   after   reaming,    136. 
Atwood,   J.   A.,    remarks   of,   324,   333,   375,   453. 


B 

Baldwin,  A.   S.,  remarks  of,  56,  57,  65,   72,  91.  92,   100,  402.  409,  410. 

Barnard,  R.  C,  remarks  of,  6,  257,  317,  318,  320,  323,  325,  346,  375. 

Bed  plates,   136. 

Bending  angles,  132;  tests,   132. 

Bends,   nicked,   132. 

Berg,  Walter  G.,  remarks  of,  36,  37,  40,  44,  45,  46,  51,  52,  53,  54,  58,  60, 

61,  62,  76,  78,  80,  81,  91,  95,  96,  98,  99,  loi,    102,  104,   107,  255,  256. 

269,  273,  279,  280,  325,  372,  373,  374,  375,  376,  377,  379,  380,  442,  449, 

451,  452,   453,   456,   461,  462;   written   discussion  on   Roadway   report, 

1 18-125. 
Berry,  J.  B.,  remarks  of,  99,  loi,  102,  103,  104,  105,  106,   107,   109,  282,  400. 

404,  414,  417,  419,  423,  433,  434,  444,  460,  461. 
Besler,  W.  G.,  remarks  of,  127,  128,  317,  3i8,  319,  320,  321,  322,  323,  324. 

327,  332,  333,  334,  335,  337,  338,  341,  342,  343,  345,  372,  373,  375,  377, 

378. 
Block  and  train-order  signal,  309. 
Board  of  Direction,  471  ;  committees  of,  537. 
Board  of  Review,   resolution  regarding  appointment  of.  461. 
Borrow  pits,  25,   115,   117. 
Breckinridge,   W.    L.,   remarks   of,  405,   409. 
Burrs,    removal   of,    136. 
Byers,   M.    L.,   remarks    of,   43.   76. 
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Camp.  W.  M.,  remark.s   of,  322,  323,  408,  456,  457. 

Car   records,  352-355- 

Casting,  detail  of  standard  semaphore  arm,  311;  spectacle  castings,  310; 
steel,   136. 

Cement,  specifications  for  Portland,  391-394;  for  natural  cement,  389-391: 
for   Portland   cement    concrete,   386-389. 

Chemical  analysis,   of  steel,   130;   of   Portland   cement,  394. 

Christie,  James,  on  "Modern  Developments  in  the  Production  of  Open- 
hearth   Steel,"    187-194;   experiments   on   punching,   by,   206-210. 

Churchill,  C.   S.,  remarks  of,  39,  40.  41,  42,  56,  57,  58,  59,  61,  70,  71,  83, 

'    84,   85,    103.   104,   258,   259,  260,  261,   267,  273,  279,  282,  317,   397,  398, 

402,  404,  411,  412,  414,  419,  420.  425,  427,  428,  430,  431,  432,  433,  434, 

435,  436,  457,  458. 

Classification  of  materials  of  construction,  22,  t,;^.  35 ;  discussion  on,  44- 
66,  113. 

Clauses  specially  applicable  to  revision  of  existing  lines,  and  widening 
ifor  additional   track,   27,  28,   116,    117. 

Clearing,   21,  22,   2;^,    112:   definition   of,   30,   117. 

Cluster,   or  general   yard,   357. 

Coal   piers,   307-369. 

Cold  water  test  of  Portland  cement,  393. 

Committees,  reports  of,  on  Roadway,  8-32 ;  on  Iron  and  Steel  Structures, 
128-252;  on  Signaling  and  Interlocking,  283-314;  on  Yards  and  Ter- 
minals,  347-371  ;   on    Rail,   281  ;   on   Masonry.   380-394. 

Committees,  standing,  529-536 ;  of  the  Board  of  Direction,  537 ;  instruc- 
tions to,  528. 

Committee  work,   discussion  on.   450-462. 

Common  excavation,  22,  32,  35. 

Compensating   of   pipe    lines,    297-299. 

Compensators,  location  of,  and  effect  of  temperature,  313:   lazy-jack,  314. 

Compression  formulas,  summary  of,  238 ;  diagram  of,  239. 

Conclusions  of  Committees,  on  Roadway,  32,  35  ;  on  Iron  and  Steel  Struc- 
tures, 129 ;  on  Signaling  and  Interlocking,  294-297 ;  on  Yards  and 
Terminals,  370,  371  ;  on  Masonry,  394,  395. 

Concrete,  theory  of,  382-384 ;  specifications  for  Portland  cement,  386-389 ; 
mixing  of,  387. 

Condition,   of  natural   cement,   389;   of  Portland   cement,  391. 

Condron,  T.  L.,  remarks  of,  75,  264,  265,  266,  276,  277,  278,  405,  406,  407, 
419;    discussion   on   specifications  for   structural    steel,   167-171. 

Connection  angles,   134. 

Connections,   field,    135. 

Constitution,  521-526. 

Corrigan,   C.   S.,  remarks  of,  343. 

Crandall,  C.  L.,  compilation  of,  on  "Steel  for  Railway  Bridges  in  For- 
eign  Countries,"    171-178. 


INDEX.  543 

Curtis.  W.  W..  remarks  of,  2"]},,  274,  454,  455. 

Gushing,  W.  C,  remarks  of,  38,  42,  72,  72>,  75.  76,  77,  78,  79,  81,  90,  256, 

257,  263,  267,  279,  280,  282,  315,  316.  317,  318,  319.  320,  321,  322,  324. 

325,  326,  Z2T,  328,  331,  332,  2,2,2,,  334,  335,  336.  zn,  339,  340,  341.  342. 

343,  344,  345.  346.  347.  424.  425.  426,  441.  442.  443.  450.  453.  454.  459. 

460. 


D 

Davis.  Garrett,  remarks  of,  74.  99,  100,  461. 

Dawley,  W.  S.,  remarks  of,  39,  40;  re-election  of,  as  Treasurer.  463. 

Deceased  m.embers,   list  of,   502. 

Definition   of   terms,    on    Roadway,    30,    31,    117.    118;    on    Signaling    and 

Interlocking,    287-291  ;    on    Yards   and     Terminals,    349 :    on    Masonrv, 

384-386. 
Discussion  of  committee  reports,  on  Roadway,  36-128;  on  Iron  and   Steel 

Structures,  253-280;  on  Rail.  280-282:  on  Signaling  and  Interlocking. 

315-347;  on   Yards   and   Terminals,   372-380:   on   Masonry.    395-448. 
Discussion   of    Gommittee    work,    450-462. 
Dougherty,   G.,   remarks  of,    108.    IC9.   376. 
Drain,  drainage,  23,  24,   114. 
Dun,  James,  election  of,  as  Director,  463. 
Dynamic  loads,   strains   under,   232-236. 


Elastic   limit,  276-278. 
Elevators,   grain,   369,  370. 

Elliott,   W.   H..    remarks  of,   329,   330.   335.  336,   343. 
Elongation,   modifications   of,    131,    132. 
Embankments,   width  of,  21,   114,   126. 

Excavation,  common,  22,  2,^.  35;  tunnel,  26,  27.  101-106.  116:  hard,  medium 
and   soft.   113;   definition  of,  31. 


Facing  of  concrete,  388. 

Felt,  G.  F.  W.,  remarks  of,  42.  47,  49,  51,  53,  60,  379. 

Field   connections,    135. 

Fineness,  of  natural  cement,  390 :  of  Portland  cement,  392. 

Finish,   of   structural  material,    132,    134;   of  joints.    135. 

Finishing,   of  concrete,  389. 

Flour    warehouses,    370. 

Forms,  of  specimens   for  structural   steel,   130.   131  :   for  concrete.  388. 

Freight    station    piers,    364-367. 
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Frazier-,    J.    L.,    remarks    of,    63,    64,    65,    108. 
Fritch,  E.  H.,  appointment  of,  as  Secretary  pro  tern.,  449. 
Fritch,  L.  C,  resolution  regarding,  449;  re-election  of,  as   Secretary,  463; 
report  of,  as  Secretary,  5,  6. 


General  rules  for  the  consideration  and  publication  of  committee   reports, 

527,   5^8. 
Gowen,   B.    C,    remarks   of,    51. 
Grading,  22-25,  112-114;   definition  of,  31,  118. 
Gravel,   386. 

Gravity,   specific,  of  natural  cement,  391  ;   of   Portland  cement,  393. 
Greiner,   J.    E.,    remarks   of,    258,   263,   264,   271,    272,   279;    discussion    on 

specifications  for  structural  steel,  161,  162. 
Grain  elevators,  369,   370. 
Grubbing,   22,    113;    definition    of,   30. 


H 

Hard  excavation,   113. 
Hay  storage  warehouses,  370. 

Heat  treatment  of   Portland   and   natural  cements.   433,  434. 
Hendricks,  V.  K.,   remarks  of,  325. 

Historical  review,  on  Roadway,  8-19;  on  Signaling  and  Interlocking,  283- 
285;   on  Yards  and  Terminals,  348,  349;  on  Masonry,  380,  381. 


I 

Index  to  literature  on  Signaling  and  Interlocking,  285-287 ;  on  Unit 
Strains,   227-232. 

Instructions    to    standing   committees,    528. 

Inspection   and  testing   of  structural  steel   at  mills,    133. 

Interlocking,   Signaling  and,  report  on,  283-314;  discussion  on,  315-347. 

Iron  and  Steel  Structures,  report  on,  128-252;  discussion  on,  253-280; 
specifications  for  material,  130-133;  specifications  for  workmanship, 
"^33-^37 '>  suggested  schedule  of  unit  strains,  137,  138;  preferences 
for  one  or  two  grades  of  rolled  steel,  139,  140;  amendments  to  report, 
141,  142;  appendix  to  report — a  compilation  of  current  opinions  and 
practice  regarding  structural  steel,  143-194;  reaming  and  considera- 
tions pertaining  to  the  study  of  unit  strains,  194-252. 


J 

Johnston,  A.   W.,  remarks  of,  54.  60,  61,  62,  63,  83. 
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K 

Kelley,  H.  (i,,  remarks  of,  .38,  39,  41,  47,  48,  82,  87,  88.  89,  97,  256,  257, 
268,  269,  395,  396,  397.  398,  399,  400,  401,  403,  404,  405.  406,  407,  408, 
409.  410.  411.  412.  413,  414.  415.  416,  417,  420.  421,  422,  423.  424,  425, 
426,  ^27,  428,  429,  43c,  431.  432,  433,  436.  437,  438,  440.  441,  443.  444. 
447.   448 ;   election   of   as    First   Vice-President,   463. 

Kittredge,  G.  \V.  (President),  remarks  of.  5,  6.  7.  36.  2i7>  .3^.  39.  4--  43- 
44.  45,  49.  5-'.  53.  54.  55.  56,  59.  60,  61.  62.  64,  65,  66,  71.  72.  74.  75. 
76,  77,  78.  79.  8c.  81,  Si.  83,  84.  85.  87,  90,  91,  92,  93,  94,  95,  96,  97.  98. 
99.  100.  loi.  IC2.  104,  105.  ic6.  107.  108,  109,  127,  128,  253.  255.  256. 
2S7,  2ty.  273,  275.  276,  278,  279.  280.  281,  282,  316,  322,  324,  329,  333, 
334,336,338,  .339,  3A0.  .341.  ,^4^.  343,  345.  34$,  347,  372,  375,  376,  377,37^, 
379,  380.  398.  4C0.  401,  402.  403.  405,  4c6.  407,  408,  4C9,  410,  411.  414. 
415,  416.  420.  421.  422,  423,  424,  425.  426.  427.  428,  429,  4.30,  431.  432, 
433.  434.  435.  43'5.  438,  439.  440.  441,  442,  444.  44S.  449.  450.  45.1.  452, 
■^53.  454.  455.  458,  459,  460,  461,  462,  463- 


Lazy-jack  compensator,  314. 
Lee,  E.  H.,  remarks  of,  399.  4C0,  401,  416,  417. 
Lewis.  C,  remarks  of,  417.  418,  419. 
Lines,  pipe,  compensation  of.  297-299. 

Lines,  revision  of  existing,  clauses  specially  applicable  to,  27,  28,  116,   117. 
List   of   members,  472-501. 
List  of  standing  committees,  529-536. 
Location    of   compensators,    313. 
Loose   rock,   classification   of.   21.   32,  35. 

Loweth,   C.   F..  remarks  of,  258.  271.  402,  404,  409.  410.  419.  422.  428.  438. 
4.?9- 


M 

McDonald.  Munter.  runa!k>  of,  77.  78,  79.  80.  84,  85,  86,  87,  88,  89,  91, 
92.  93,  94,  97.  98.  ICO.  105.  106,  128,  279,  280,  315,  320,  322,  325,  327, 
328,  334.  336-  339.  342.  344,  3-15,  398,  399,  414,  424,  431.  432,  435,  436, 
439,  410,  448,  449.  457.  463.  464;  written  discussion  on  Roadway  re- 
port.   110-118:   election   of,   as   President,  463. 

McGuigan.  F.  H.,  remarks  of,  54,  55,  65,  81,  89,  90,  [06,  327.  328.  332.  340, 
341.  3A3-  344,  378.  379,  426,  431. 

McNab.  W..  remarks  of.  36.  37.  3S.  39,  42,  45,  47.  50,  51.  52.  55.  50,  59. 
60.  61.  62.  65.  66,  72.  73.  77.  79.  80,  82,  83,  84,  85,  86,  87,  89,  90,  91, 
92.  94,  95,  96.  97,  99.  100.  101.  104,  105,  IC7,  109,  124,  126,  127,  128, 
256,  448,  449,  450,  459. 

MacPberson,  Duncan,  written   discussion  on   Roadway   reporl,   126. 
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Masonry,  report  on,  380-394;  discussion  on.  395-448;  historical  review, 
380,  381;  theory  of  concrete.  382-384;  definition  of  masonry  terms, 
384-386 ;  specifications  for  Portland  cement  concrete,  386-389 ;  specifi- 
cations for  natural  cement,  389-391  ;  specifications  for  Portland  ce- 
ment, 391-394;  conclusions.  394;  amendments,  394,  395. 

Material  and  workmanship  for  steel   structures,  specifications  for,  130-137. 

Materials  of  construction,   classification  of,   22.  33,  35,   113. 

Measurements,  price  and,  25. 

Measurements,   unit  of.   21,  33,   112,   113. 

Medium   excavation,    113. 

Members,    list    of,    472-501. 

Membership,    report    on.    6. 

Mileage  of   roads  and   membership.   509-520. 

Mock,  J.   C,   remarks  of.  315.  326,   327,  330,  331,  341,  342. 

Modern   specification    for    the    construction    of   roadway,    19-29. 

Modification   in   elongation,   131,    132. 

Modjeski,   R.,    remarks   of,   264.   270,   275.   277. 

Montfort,   R..  remarks  of.  80.  82.  84,  90.   100,   105.  269,  270. 

Mountain,   G.   A.,   remarks   of,  45.  53.  70,   73,  441. 


N 

Natural    cement,    specifications    for,    389-391. 


Officers,  election  of.  463;  past   and  jiresent.  40.')-47i. 

Open-hearth    steel,   modern  developments   in  the   production   of,    187-194. 

Overhaul.   27.  35,  66-74.    1 18-126. 


Packages,  of  natural  cement.  389;  of  Portland  cement.  391. 

Paquette,   C.   A.,   remarks   of,   318.   319. 

Parkhurst.   H.  W..   remarks  of.  401.  402.  408.  409.   414.   434. 

Past  and  present  officers,  466-471. 

Pence,  W.  D.,  remarks  of,  42,  402.  407.  408.  411.  413,  422.  426.  427.  429,  430. 

Personnel  of  standing  committees,  529-536. 

Planning  of  yards,  355.  356. 

Piers,  covered  lighterage,  357-360;  open  lighterage,  361-363;  coal,  367-369; 

freight   station.   364-367. 
Pipe  lines,  compensation  of,  297-299. 
Portland   cement   concrete,  specifications    for,   386-399. 
Portland  cement,  specifications  for.  391-394. 
Porter,  H.   T.,  remarks  of,  344. 


INDEX,  547 


President,  the.   remarks  of     (see   under  Kittredge.   G.    \V.) 
Price  and  measurement   for  construction  work,  25,  26. 
Proportioning,  of   Portland   cement   concrete,  388. 
Punching  and    reaming,   134,    195-226. 


R 

Rail,   report  on,  281  ;   discussion  on,  281.  282. 

Rail   terminals,  water  and,  356. 

Ranno,  F.   W'.,  remarks  of,  408. 

Reaming  and  punching,  134,   194-226. 

Records,    car,   352-355- 

Rcid,  R.  H.,  remarks  of,  266,  275. 

Rejection,  of  natural  cement,  389;  of  Portland  cement.  392. 

Reports,  of  Committees,  on  Roadway,  8-32;  on  Iron  and  Steel  Structures, 
128-252:  on  Rail.  281;  on  Signaling  and  Interlocking.  283-314:  on 
Yards    and   Terminals,   347-371  ;    on    Masonry,   380-394. 

Reports,  of  Secretary  and  Treasurer,  5.  6. 

Resolutions,  regarding  L.  C.  Fritch,  449;  regarding  appointment  of  Sec- 
retary pro  tem,  449:  regarding  appointment  of  a  Board  of  Review,  461. 

Review,  historical,  on  Roadway,  8-19;  on  Signaling  and  Interlocking, 
283-285;   on  Yards   and   Terminals,   348,   349;   on   Masonry,    380.   381. 

Roadway,  report  on,  8-32;  discussion  on,  36-128;  historical  review,  8-19; 
a  modern  specification  for  the  construction  of  roadway,  19,  20 ; 
specification  for  the  formation  of  the  roadway,  20-29  '•  •"  general. 
20,  21;  clearing,  21,  22:  grubbing.  22;  grading,  22,  25:  borrow-pits, 
25 ;  price  and  measurement,  25,  26 ;  tunnel  excavation,  26,  27 :  clauses 
specially  applicable  to  revision  of  existing  lines  and  widening  for  an 
additional  track,  27,  28;  general  conditions,  28,  29;  definitions  of 
terms.  30,  31;  conclusions.  ^2:  amendments  to  report.  33-35. 

Rohwer,  H.,  remarks  of.  40.  98. 

Rose.    L.    S.,    remarks   of,   319,   325. 

Rules,    general,   for   consideration    and    publication    of   committee    reports. 
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S 

Sand.    386. 

Sand  tests,   420-422. 

Sampling,  of  natural  cement,  389,  390;  of  Portland  cement,  392. 

Schaub,    J.    W.,    remarks   of.    266.   267,   278. 

Schneider.  C.  C,  remarks  of,  259,  270,  271,  278,  279;  discussion  on  specifi- 
cations for  structural  steel,  157.  158.  163-166:  tests  reported  by.  210- 
212. 

Set,  of  natural   cement,  390:  of  Portland  cement,  392.  393. 

Secretary,  report  of,  5,  6 ;  election  of,  463. 

Secretary,  pro  tem,  appointment  of.  449. 

Shipman,  E.  H.,  written  discussion  on  Masonry  report,  444.  445. 
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Signaling  and  Interlocking,  report  on,  283-314:  discussion  on.  315-34?: 
histoiical  review,  283-285;  reference  index  to  literature,  285-287;  defi- 
nitions of  terms,  287-291  ;  train-order  signals,  291-297;  compensation  of 
pipe  lines,  297-299;  amendments  to  report,  299;  train-order  signals 
in  use  on  various  railroads,  300-305  ;  location  of  train-order  signals  on 
various  railroads,  306-308;  block  and  train-order  signals,  310;  stand- 
ard semaphore  arm  casting,  detail  of,  311;  semaphore  spectacle  cast- 
ings, 310;  compensators,  location  of,  and  effect  of  temperature,  313; 
lazy-iack  compensator,  314;  standard  seinapHore  arm  for  train-order 
signal,  inset,  page  310;  amendments,  299. 

Slifcr,  H.  J.,  remarks  of,  41,  43,  48.  49.  50.  SL  53-  54.  5".  5^.  61,  62,  63, 
64,  65,  C9,  70,  71.  74.  11.  79.  So,  81,  82,  84.  86,  89,  go,  92,  93,  97,  9B, 
99,    ICO,    102.    1C5,    ic8. 

Slopes  cf  embankments,  21,  S3- 

Snow,  J.  P.,  remarks  of,  253,  254,  255,  257.  258,  262,  263,  272,  274.  275, 
277,  278,  279,  28c;  review  on  specifications  for  structural  steel,  143- 
157,  166,  157;  compilation  of  European  practice  regarding  material 
for  bridges,  178-186;  written  discussion  of  Masonry  report,  445.  446; 
vote   cf   thanks   to,  2S0. 

Soft  excavation,   113. 

Solid  rock,  classification  of,  22,  ,12.  34- 

Soundness,    of   natural    cement,    390;    of    Portland    c-ment,    393. 

Specifications,  for  the  construction  of  roadway,  19-29;  for  material  and 
workmanship  for  structural  steel,  130-137;  for  natural  cement,  389- 
391;  for  Portland  cement,  391-394;  for  Portland  cement  concrete, 
386-389. 

Spectacle  castings,  semaphore,  310. 

Standard   semaphore   arm   for  train-order   signal,   inset,  page  310. 

Steel,  open-hearth,  modern  developments  in  the  production  of,   187-194. 

Stevens,  E.   S.,  remarks  of,  324,  325,  326,  338,  339,  415,  416. 

Stock  yards.  370. 

Storey,  W.  B.,  Jr.,  remarks  of.   103.   105,   107,  403.  404,  410,  411,  416,  417. 

Strains,  unit,  considerations  pertaining  to  the  study  of.  226-252;  suggested 
schedule  of.    137,    138. 

Strength,  tensile,  of  structural  steel,  130;  of  natural  cement,  390;  of 
Portland  cement.   393. 

Sullivan.    A.   W..   election    of.    as    Director.   463. 

Sullivan.  J,  C",..   remarks  of,  39.  40.  41.  46,  48,  70,  71.  7t,.  74.  87,  90. 


Taylor.  W.  1)..  remarks  of.  51,  67,  68,  (9.  71.  72,  93.  97;  written  discussion 
on  Masonry  report,  446.  447. 

Team-track    delivery   and   freight    station    piers.   364-367. 

Tellers,  appointment  of,  328 ;  report  of,  463. 

Temperature  tests,  for  Portland  and  natural   cements,  433. 

Tensile  strength,  of  structural  steel,  i.^o;  of  natural  cement.  ,^90;  of  Port- 
land   cement,   393. 
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Terminal   yard   and   general    switching.   349-351. 
Terminals,  Yards  and,  report  on,  347-371  ;  discussion  on,  372-380. 
'Terminals,  water  and   rail,  356,  357. 
'Tests,  of  structural  steel,   131,   132,   141;   of   natural    cement.  389,   390;   of 

Portland  cement,  392. 
'Theory  of  concrete,   382-384. 
'Thompson,   \V.    S.,   remarks   of,  92. 
'Torrey,   Augustus,   memorial  no,   503-508. 

'Tratman,   E.   E.   R.,  remarks  of.  ^2.  43,  45,    t,^,^,.  334,   439,   440,  458. 
'Treasurer,  report  of,  5,  6:  election  of,  463. 
'Tunnel   excavation,  26.  27.    116. 

Tye.   W.    F.,    remarks   of,  40,  49,   50,  51,  52,  53,  54,  57,  59,   60,  65.  83.   84. 
85,  88,  90,  91,  94,  95,   102,   103.   1C4.   1C5,   ic6.   107.   108,  x^s,  455.  456. 

U 

L'niforuMly,    of    natural    cement.   391  ;    of    Portland    cement,    394. 
Ur.it  of  measurement,  for  clearing,  21,  ^;^.  112;   for  gruhhing.  22,   t^;^.   113. 
Unit  strains,  considerations  pertaining  to  the  study  of,  226-252;  suggested 
schedule   of,    137.    138. 


Vicat    r.cedle   apparatus,   392:   illustration   of.   407. 
Vice-Presideiu.   First,  election  of.  463. 

Vote  of  thanks,  to  Committee  on  Iron  and  Steel   Structures.  J.   P.  Snow, 
chairman,   280 :   to  Committee   on    Masonry,   444. 

W 

Warehouse.-.,    flour.   370;    hay-storage.   370. 

Water   and   rail   terminals,   356,   357. 

Water  tests  of  Portland  cement,  cold.  393;  hoiling.   393. 

Webster,  Wm.   R.,  remarks   of.  256.  2S7-  .^61.  262.  264.  272.  275.  27^\  277. 

278.  280.  281.   282. 
Width  of  embankments.  21.  it2.  126. 
Workmanship,    specifications    for    structural    steel.    133-137. 


Yards  and  'ierminals.  report  on.  347-371;  discussion  on.  372-380;  his- 
torical review.  348.  349 :  definitions  of  terms,  349 ;  terminal  yard  and 
general  switching.  349-351:  car  records,  352-355;  planning  of  yards. 
355.  356;  water  and  rail  terminals.  356,  357;  cluster  or  general  yard, 
357;  covered  lighterage  piers,  357-360;  open  lighterage  piers,  361- 
363;  export  and  storage  piers.  362-364;  freight  station  piers  and  team- 
track  delivery,  364-367;  coal  piers.  367-369;  elevators,  grain.  369. 
370;  flour  warehouses.  370;  hay-storage.  370;  stock  yards.  370;  con- 
clusions, 370.   371. 


ADVERTISEMENTS 


Alphabetical  Index  to  Advertisers. 


American    Bridge    Com i'Any XVIII 

American  Hoist  and  Derrick   Company XXVII 

American   McKenna   Process  Company VII 

American  Trackbarrow    XXXI 

Atlas   Railway    Supply    Company XII 

Buda  Foundry  and  Manufacturing  Company XIV 

Continuous   Rail  Joint  Company  of  America IX 

Cortright   Metal  Roofing   Company XXVIII 

UiLwoRTH,   Porter  and   Company,   Limited VI 

Edison   Manufacturing   Company X 

Elliot  Ekog  and  Switch    Company XXXIII 

Fairbanks,   Morse  and   Company XV 

IiLiNois    Steel  Company    (Cement   Dept.) VIII 

Independent  Railroad  Supply   Company Ill 

Iron  City  Tool  Works XVII 

Kennicott   Water   Softener   Company XXXIV 

King    Bridge    Company ; XXVII 

Link-Belt    Machinery    Company XVI 

LuFKiN    Rule   Company XXX 

Otto    Gas    Engine   Works XIII 

Paige    Iron    Works XIV 

Pennsylvania    Steel    Company XXIX 

Pettibone,  Mulliken   and  Company Inside   Back   Cover 

Pittsburg    Testing    Laboratory XXI 

Railway  Appliances  Company IV  and  V 

Ramapo   Iron    Works XXIII 

Republic  Iron  and  Steel  Company XXIV 

Rodger  Ballast  Car  Company XXV 

Ross    Impassable    Cattle-Guard    Company XXVIII 

St.  Louis  Expanded  Metal  Fireproofing  Company XXII 

St.  Louis  Portland  Cement  Company XXXII 

Steel  Cable  Engineering  Company XXVI 

Union  Switch   and  Signal  Company XI 

Verona  Tool  Works XXXII 

Wadsworth-Howland    Company XIX 

Watson-Stillman    Company XXX 

Weber  Railway  Joint  Manufacturing  Company XXXII 

Williams,  White  and  Company XXXI 

Wisconsin   Bridge   Company XX 

Zelnicker  Supply   CoiMPANY.  Walter  A XXXII 


T^^r=<^ 


"WOLHAUPTER" 

Latest  and  Best  Rail  Joint 

Has  special  features  of  its  own 
Combines  good  points  of  others 

Rolled  by  Illinois  Steel  Co.  D 


Wolhaupter's  Latest  Patents  on  ...  . 

TIE,=PLATES 

The  ONLY  PLATES    with   Sloping    Tops    to    SHED   SAND,    BRINE 
AND  WATER 

INDEPENDENT  R.  R.  SUPPLY  CO. 

•'FEDERAL"  rjjjrKrr\  "CHICAGO" 

Will  Bed  in  Oak  CHICAGO  Sloping  Top,  4  Flanges 
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Q  &  C-Portable  Rail  Saws 


These  saws  cut  the  rail  clean  and   thereby  saves  both 
ends  of  the  rail. 

It  is  the  best  and  most  economical  means  of  cutting 
rails  in  track  work. 

It  is  a  great  saver  in  track  labor. 

Send  for    Catalog    on  this    and   other   track    devices. 

RAILWAY  APPLIANCES  CO. 


General  Offices 

OLD  COLONY  BLDG. 
CHICAGO 


NEW  YORK  STORE 

I07  Liberty  Street 


U.S. PATENT  57  5  943 


BONZANO 


RAIL-JOINT 


PATENT  5570  0 


SOLE    MANUFACTUR 

RAILWAY  APPO 

GENERAL    OFFICES        \^ 
OLD  COLONY   BUILDING.  CniCACO. 


D  SELLI 

CES  COMPANY 


NEW  YORK  OFFICES 
107   LIBERTY  ST. 


Makes  the  Joint  as  strong  as  the  rail. 

Performs  the  same  functions  as  a  rail 
brace  and  tie  plate. 

Prevents  bending  of  rails  and  permits 
no  wear   or    play  under   head    of   rail. 

"The  Q^&f"  C—Bonzano  Rail  Joint 
needs  no  rnaintaining  and  is  a  great 
saver  of   labor. 

In  use  on  over  Thirty  Railroads. 
Send  for  our  Catalog  -KINKS." 


TS-pound  rails  before  Ireatment  by  the  McKenna  Procf>>. 

Renewing  Rails  by  McKENNA  PROCESS 

is  better  than  sawing  ends 
BECAUSE 

More   uniform  section  is  secured  at  ends; 

Same  uniform  section  is  secured  throughout  rail; 

All  unevenness  is  removed; 

The  steel  is  improved  by  the  Process; 

It  is  made   more    dense,    consequently   will    wear    longer  than 

when  originally  laid; 
The  tensile  strength  is  increased  by  Process. 

The  improvement  of  rails  by  the  Process  is  so  marked  that  some  roads  have 
had  new  rails  treated  by  the  McKenna  Process  before  being  laid  in  track 


For  information,  estimates,  etc.,  address  JULIAN  L.  YALE,  Vice-President. 

AMERICAN  McKENNA  PROCESS  CO. 

CHICAGO,     ll_l_. 

Works  at  Tremley  Point,  N.  J.;   Joliet,  111.;    Kansas   City,  Kan. 


75-pound  rails  after  renewal  by  MoK»-iina  Process 


UNIVERSAL 
PORTLAND  CEMENT 


A  Standard  Portland  for  Universal  Use. 

It  is  in  constant  use  by 
the  followine  railroads: 


& 


Baltimore  &  Ohio 

Illinois  Central 

Wisconsin  Central 

Chicago,  St.  Paul,  Minneapolis  &  Omaha 

Great  Northern 

Northern  Pacific 

Chicago  Great  Western 

Chicago  &  Eastern  Illinois 

Chicago,  Milwaukee  &  St.  Paul 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 


CEMENT  DEPARTMENT 
ILLINOIS  Smt  QOIVIPANY 

THE  ROOKERY        CHICAGO,  ILL. 


CONTINUOUS  RAIL  JOINT  COMPANY 


CDF-    A^tsnEirn^tGA. 


MANUFaCTUBERS 


Rail  Joints,  Step  Joints  and  Insulating  Joints 

ALL  OF  THE  CONTINUOUS  PATENT  TYPE 


General  Offices,  Century  Building,  NEWARK,  N.  J. 


Over  15,000  Miles  in  Use 


Received  the 
Highest  Award  in 
its  class  at  Paris 

Exposition,  1900, 
and   Pan-American 
Buffalo,  1901. 
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BRANCH  AGENCIES 

BOSTON,  MAS'.,  John  Hancock  BIdg.  ST,  LOUIS,  MO..  Commonwealth  Trust  BIdg. 

CHICAGO    ILL..  Monadnock     BIdg.  SAN  FRANCISCO.  CAL..  Wells,  Fargo  BIdg. 

DENVER.  COLO..  Equitable  BIdg.  ST.  PAUL.  MINN.,  Pioneer  Press  BIdg. 

MONTREAL,  CAN..  Temple  BIdg. 


E.DISON 

PRIMARY    BATTERIES 


Formerly  known  as 

ILDISON  =  LALANDE    BATTE^RIES 

Especially  suitable  for  Electric  Semaphores,   Railway 
Crossing  and  other  Signaling  Work 


LEAD    THEM     ALL 


THEY  STAND  THE  COLD  WEATHER 


In  a  comparative  battery  test  made  by 
the  Union  Switch  and  Signal  Co.  during  last 
winter,  in  which  ALL  MAKES  of  Caustic 
Soda  Batteries  on  the  market  WERE  SUB- 
JECTED TO  THE  SAME  CONDITIONS, 
the  EDISON-PRIMARY  BATTERY  TYPE 
"SS"  WASTHE  ONLY  BATTERY  THAT 
DID  NOT  FAIL  IN  THE  EXTREME 
COLD  WEATHER,  but  continued  to  work 
the  signal  without  interruption  until  the 
charge  was  entirely  exhausted. 

Write  for  Catalogue  No.  36 

Now  in  Use  on  Signals  on 

llltnois  Central  %  % 

Chicago  &  Alton  %  % 

Central  %  %  of  N.J. 

T>ela'"it>are,  Lacka'zvanna  &  Western 

R.R. 
Cincinnati,  Ne%>  Orleans  &  Texas 

Pacific  R.  R. 
'Baltimore  &  Ohio  R.  R. 
Michigan  Central  R.  R. 
West  Shore  R.  R. 
N.  Y.  Central  &  H.  R.  R.  R. 
Erie  Railroad. 
And  other  railroads. 


Edison  Manufacturing  Company 

Factory,  Orange,  New  Jersey,  U.  S,  A. 
New  York  Office,  83  Chambers  St,      Chicago  Office,  304  Wabash  Ave. 


Union  Switclj  6c  Signal  ^o. 

General  Office  anb  IDorks,  SvOXSSVak,  pa.,  U.  5.  CI. 

mew  IJorf?  ©race,  Central  :©l&0.,  143  Xibert^  St. 
St.  Xouis  ©race,  terminal  Station 
Cbicago  ©ffice,  /llbonaOnock  JGloch 


be  Union  5tr>ttcb  an^  Signal  do.  designs,  makes 

and  installs  Block  Signals  and  Interlocking. 

Manufactures  Frogs,   Switches    and  Crossings 

of  standard  and  special  designs. 

The  Company  has  a  large  staff  of  experienced  Signal 
Engineers  and  is  prepared  to  make  plans  for  the  expeditious 
and  safe  movement  of  traiific  in  yards  and  on  the  road.  No 
situation  is  too  simple  or  too  complicated  for  its  resources. 
Consultation  costs  nothing.  Good  signaling  is  not  merely 
protection  against  accidents — it  is  one  means  of  getting  the 
most  out  of  a  unit  of  track  or  a  unit  of  equipment.  A  good 
Signal  Engineer  is  not  onl}'  a  civil  engineer,  a  mechanical  en- 
gineer and  an  electrical  engineer;  he  also  must  know  a  good 
deal  about  the  movement  of  trains.  That  is  the  sort  of  en- 
gineers the  Union  Switch  and  Signal  Co.  has  on  its  staff. 

At  this  moment  (.June,  1903),  Automatic  Electric  Block- 
ing with  Semaphore  Signals  is  the  interesting  topic.  The 
Union  Switch  and  Signal  Co.  has  now  in  service  or  on  order 
4,243  Automatic  Electric  Semaphore  Signals.  The  in- 
crease in  Union  Signals  of  this  st}le  in  the  last  twenty 
months  has  been  one  hundred  and  thirty-nine  per  cent. 


Cf]c  Union  I>ctaiU  arc  the  3tan^ar^f 


Otto-Rand  Combination  Gasoline 
Engine  and  Air  Compressor 


''Z'^ 


Kand    Duplex   Air  Compressor  driven  hv.  Otto  Gasoline   I'ngine 

Special  Water  Cranes.      Water  Stations  Errcted 

Complete.     Deep  Well  Pumping  Plants.    Tanks 

and  Towers.    Pipe.    Gasoline  Engines.   Water 

Softening  Plants.    Coaling  Chutes,  Etc.,  Etc. 

Otto  Gas  ELngine  Works 

T.  W.   SNOW,   Manager 

360  Dearborn  St.  Chicago 


The  Buda  Foundry 
&  Mfg.  Company 

Manufacturers  of        g^^^|    Wh^el    Hattd   and 

^•^  Push  Cars 

Railway  Crossing  Gates 
Paulus  Track  Drills 
Ramapo  Switch  Stands 

Chicago  Office  General  Office  and  Works 

917  Monadnock  Block  Harvey,  111. 


Paige  Iron  Works 


Manufacturers  of 


Railway  Switches 
Frogfs  and  Crossing: 


special  Track  Work 

For  Steam,  Electric,  Elevated   and   Cable  Railroads. 


Chicago  Office  General  Office  and  Works 

917  Monadnock  Block  Harvey,  111. 


TURNTABLE  MOTORS 


operating  Turntable  on  C.  R.  R.  of  N.  J.  at  Mauch  Chunk,  Pa. 

Machinery  consists  of  a  Fairbanks-AIorse  Gasoline 
Engine  and  specially  designed  machinery  rigidly  attached 
to  the  turntable.  They  are  compact,  economical,  power- 
ful, always  ready.  Not  an  experiment.  Used  on  many 
of  the  largest  railroad  systems.     Write  us  about  it. 

RELIABLE  RAILWAY  SUPPLIES. 

FAIRBANKS,  MORSE  &  CO. 


CINCINNATI 

CLEVELAND 

DETROIT 

LOUISVILLE 

INDIANAPOLIS 

NEW  YORK 


ST.  LOUIS 
KANSAS  CITY 
ST.  PAUL 
MINNEAPOLIS 
OMAHA 


DENVER 
LOS  ANGELES 
SAN  FRANCISCO 
PORTLAND,  ORE. 
SALT  LAKE  CITY 


LONDON, ENGLAND 
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Iron  City  Tool  Works,  Limited 

Pittsburg,  Pa. 


-MANUFACTURERS     OF- 


STANDARD  R.  R.  TRACK  TOOLS 
MINING,  QUARRYING 

AND  CONSTRUCTION  TOOLS 
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BEST  TOOLS 


TRADE 


IRON 
CITY 


MARK 


M,3£/e  ftoM  iSpecfaL 
w  CRUCIBL  £  SPRING  STEEL ^k 
'  Cannot  be  put  on  Wrong  i/k 

I       AXVf/?    KNOV^N    TO  FAIL      ^  llP 
ON  I  HON  OR    WOOOWOftK  *        'M 


PITTSBURGH 
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STAR  BRAND  SHOVELS  and  SCOOPS 

made  from    one    piece  Solid   Cast    Steel;    rolled 
four  gauges  thicker  in  body  of  blade  than  edges 

Best  JSlxovel  JNIocle.    ^R^"   "rHK3.X 


American  Bridge 

Company 

of  New  York 

Eneineers  and  Contractors 


Bridge  over  Monoiigaliela  River  at  Homestead,  Pa. 


Structural  Steel  for  Every  Purpose 
Railway  Buildings,  Bridges 


Eastern  District 

100  Broadway 
New  York  Citv. 


Pittsburg  District 

■  Frick  Building 
Pittsburg,  Pa. 


Western  District 

l.'-!15  Jlonadnock  Block 
Chicago,  111. 


I 


CARBURET    BLACK 
THE    GREATEST   METAL   PRESERVATIVE 

BEST  PROTECTION  FOR 

BRIDGES 

IT    NEVER    LETS   CO 

WADSWORTH-HOWLAND    CO. 
CHICAGO 


Pittsburgh  Testing  Laboratory 

(Limited) 

Inspecting  and  Metallurgical  Engineers 
and  Chemists 

PITTSBURGH,   PENNA. 


Among  the  railroads  for  which    we  have    inspected   and  tested   material   and 
workmanship  for  bridges,  buildings,  steel  and  wood  cars  during  the  past  year  are  the 


Canadian  Pacific 

Central  Railway  of  Vermont 

Chesapeake  &  OMo 

Chicago  &  Eastern  Illinois 

Chicago  &  Alton 

Chicago  &  Western  Indiana 

Chicago,  Milwaukee  &  St.  Paul 

Delaware,  Lackawanna  &  Western 

Erie  R.  R. 

Grand  Trunk 

International  &  Great  Northern 

Maine  Central 


Michigan  Central 

Missouri,  Kansas  &  Texas 

Mobile  &  Ohio 

Nashville,  Chattanooga  &  St.  Louis 

New  York  Rapid  Transit  i  Subway 

Oklahoma  City  &  Western 

Ohio  River  Bridge  &  Ferry  Co 

Pennsylvania  Lines  West  of  Pittsburgh 

Peoria  &  Eastern 

Union  Pacific  System 

Wabash  System 

Wisconsin  Central 


NEW  YORK 

60    New  Street 

CHAMBERS  &  HONE,  ■  Cons.  Engs. 


BRANCH    OFFICES: 

PHILADELPHIA 

906-907  Crozier  Building, 
H.  A.  SCHOFIELD.  ■  Res.  Eng. 


RICHMOND,  VA. 
E.  T.  D.  MYERS.  ■     Res.  Eng. 


CHICAGO 

1730  Monadnock  Block 

T.  L.  CONDRON,  Resident  Engineer 


MONTREAL 

146  St.  James  Street 
T.  S.  GRIFFITHS,   ■   Representative 


Inspectors  permanently  located  in  all  of  the  principal  mills  and 
structural  shops  in   the  country. 


ADHESION  NOT  NECESSARY  WITH 

CORRUGATED  STEEL  BARS 

FOR   STEEL   CONCRETE   CONSTRUCTION 


II 


yi"  D  Bar.     Net  Section,  0.18  D  ".     Weight,  o  64  lbs,  per  ft. 


^"  D  Bar.     Net  Section,  0.37  D  ".     Weight,  1.34  lbs.  per  ft. 


Yi"  D  Bar.     Net  Section,  0.55  D  ".     Weight,  2.05  lbs.  per  ft. 


P"P 


i"  D  Bar.     Net  Section,  0.70  D  ".     Weight,  2.70  lbs.  per  ft. 


if  "Ff  f" 


r 


I 


1J4"  D  Bar.     Net  Section,  1.07  D  ".     Weight,  4.20  lbs.  per  ft. 

These  bars  have  an  elastic  limit  of  between  50,000  and  60,COO  lbs.  per  sq.  in. 

Catalogues   and  designs  furnished  on   application. 

St,  Louis  Expanded  Metal  Fireproofing  Company 

.\.  L.  .lOHNSON  (M.  Am.  Soc.  C.  E.),  COMPANY  ENGIXKEK, 

ST.  LOUIS,  U.  S.  A.,  General  Agents. 
BRANCH  AGENCIES: 

II.  C.  ]MiLLEi!.  M.  Am.  Soc.  C.  E.,  68  Heaver  St..  New  York  City.      ' 

Buffalo  Expanded  Metal  Co.,  D.  S.  Morgan  Bldg..  liuffalo,  N.  Y'. 

T.  L.  CoNDiiox.  M.  Am.  Soc.  C.  E..  1750  Monadnock  Bldg..  Chicago. 

R.  L.  Crump,  M.  Am.  Soc.  C.  E  .  Keith  &  Perry  Bldg..  Kansas  City,  Mo. 

Western  Expandkd  MKT.\r,  A    I'l reproofing  Co..  Rialto  Bldg..  San  Francisco,  Cal. 


RAMAPO  IRON  WORKS 

HILLBURIM,    N.  Y. 


MANUFACTURERS 


I  SWITCHES 


-WORKS- 


SWITCH  I 


HILLBURN,  N.  Y.,  and  NIAGARA  FALLS,  N.  Y. 


Republic  Iron  &  Steel  Co. 


CHICAGO 


IVI  AN  U  F"AC"rU  RERS 


BAR  IRON 
BAR  STEEL 

PIG  IRON 

TURNBUCKLES  R.  R.  SPIKES 

MACHINE  BOLTS. CARRIAGE  BOLTS 
GIMLET  POINT  COACH  SCREWS 
POLE  STEPS  .  CROSS  ARM  BRACES 


SALES  OFFICES: 

New  York  Buffalo  Birmingham 

Pittsburg  Cincinnati  San  Francisco 

Cleveland  St.  Paul  Joplin.Mo. 

St.  Louis  Portland,  Ore. 


GENERAL  SALES  OFFICES:    CHICAGO,  ILL. 


T^niii  Combine 


A " 

r\  F 


OPPER-BOTTOM  BALLAST 
STANDARD  50 -TON  COAL 
FLAT- BOTTOM    GONDO 


,ST  ri 
AL       AR 

LA   V^ 


ALL 


IN  ONE  CAR 

AT  COST  OF  ONE  CAR 


Hart 

Convertible 
Class  C.  S. 


Center 

AND 
SiDE-DUMP 


WOOD  OR  STEEL  CONSTRUCTION 

Rodger  Ballast  Car  Co, 


Fisher  Buildinsf, 


CHICAGO,  ILL. 


Happiness  Enough 


with  our 


Conveying:  Machinery 

Ask  for  detail  information  and  plans 


Continuous  Drive— Reliable— Never  Out  of  Order 


CORNER    IDLER 


UPPER    RUN 


Views  from   our  most    recent  Coaling  Station    N.  Y.  C. 
&   H.    R.   R.,   Rensselaer,  N.  Y. 


Steel  Cable  Engineering 
Company 


Boston 
92  Stale  St. 


New  York 
120  Liberty  St. 


Chicago 
950  Marquette  Bld^ 


Montreal 
7O3  Craig  St. 


THE    KING    BRIDGE    CO., 

BRIDGES.  GIlEVEIlflfiD,   OHIO.  VIADUCTS. 

IRON  AND  STEEL  EYE  BARS.  GIRDERS  AND  STRUCTURAL  WORK  FOR  BUILDINGS. 

PLANS,  ESTIMATES  AND  SURVEYS  FREE  OF  COST. 


BRIDGE  OVER  THE  OHIO  RIVER,   BETWEEN   CINCINNATI,   O.,   AND  NEWPORT,   KY. 
Designed  and  Built  by  THE  KING  BRIDGE  CO. 

Length  of  Cantilever  Channel  Span,  520  Feet.     Total  Length  of  Bridge,  2tji-    Ftet. 


HOISTS  AND  DERRICKS 


OF  STRICTLY 

he:    beist 

DESIGN 


American   Moist    & 
Derrick  Cs. 


ST.   PAUL.    AMPMINESOTA 


CHICAGO 
60  Suuth  Canal  St. 


NEW  YORK 
39  Cortlandt  St. 


NEW  ORLEANS 
Henneo    Building 


BOSTON 
Tremont  Bidg. 


THE  ROSS  IMPASSABLE  CATTLE  GUARD 

We  offer  a  guard  that  will  undoubtedly  give  satisfaction 
ADOPTED  AS  STANDARD  BY  THE  GULF  &  SHIP  ISLAND  R.  R.  COMPANY 


In  use  by  the  following  roads: 

Illinois  Central  R.R.  Company 
Louisville  &  Nashville  R.  R. 
Gulf  &  Ship  Island  R.  R. 
Trenton,  Lawrenceville  & 

Princeton  R.  R. 
Yazoo  &  Miss.  Valley  Road 
Fort  Smith  &  Western  R.  R. 
New  Jersey   &  Hudson  River 

Railway  &  Ferry  Co.,   and 

others. 


Made  of  the  best  blue  annealed  steel,  and  workmanship  by  expert  mechanics. 
We  know  we  can  save  you  money  and  solicit  your  patronage. 

ROSS  IMPASSABLE  CATTLE  GUARD  CO.,  Powderly,  Ky. 


The  PENNSYLVANIA  STEEL  CO. 
STEELTON,   PA. 

^^.'T'ppi  PAll  Q  All  weights  and  patterns  for  steam,  street  and  electric  railways. 
^  •  '-''— L«     1X^^*1— •^     iieel  splices  and  rail  fastenings. 

PAII  WAV  FPOnS  ^^^  TRACKS  OF  EVERY  DESCRIPTION.  Special 
*V '»•■-'•»  -i*  I  r^IVVyVJO  attention  to  frogs  for  main  line  tracks.  Improvements 
brought  out  by  this  company  are  approved  as  standards  on  many  of  the  most  important  rail- 
roads where  extreme  durability  and  safety  are  required. 

THE  ANVIL  FACE  FROG  LEADS  ALL 


Its  durabilitj'  under  great  traffic  proven 


six  times  greater 


Its  peculiarity  consists  of  massive  pieces  of^ool   steel,  tempered 
extremely  hard  on  the  surface,  built  into  the  frog,  just  where  de-  r       ^^^^, 

structive  wear  occurs  in  ordinary  frogs.      See  the  sectional    view  L  rr^     |~ 

showing  the  hardened  steel   pieces  and  their   relation  to  wheels,  ^r~jy-_i    ' 

RAILROAD    CROSSING     FROGS 

for  the  most  exacting  conditions  or  any  degree  of  complication  are  a  specialty.  Good  work 
and  accuracy  guaranteed.     Large  facilities. 

m  I  pC  for  crossing  thoroughfare  tracks  of  every  angle.  New  improvements  for  oper- 
*^*-'*  '    ^-^     ating  slip  switches  and  movable  point  frogs  with  certainty  and  dispatch. 

SPLIT    OR     POINT     SWITCHES,     improved    Patterns 

Special  attention  to  our  new  REINFORCED  CHALLENGE  SWITCH,  which  has  the  point 
rails  reinforced  and  stiffened  by  a  special  form  of  angle  and  requires  only  one  connecting  bar. 
which  may  be  adjustable  or   plain.      We  make  also   switches  with  usual  number  of  connecting 

bars,  of  various  types,  now  standard  on  many  railroads.     Parts  usually  welded  are  forged  solid 

Improved  3=throw  (or  Double=throw )  SPLIT  SWITCHES 

by  one  handle,  and  various  other  types,  as  required. 

FOR  STEAM  TRACK  IN  PAVED  STREETS  A  SPECIALTY. 

The  handle  moves  half  turn  to 
turn  the  switch,  lays  parallel  with 
track,  can  be  handled  very  quickly. 
The  gears  are  all  enclosed,  are 
unbreakable  and  durable.  While 
the  stand  is  low  the  handle  is  very 
accessible.  If  not  padlocked,  the 
switches  may  be  used  automatic- 
ally, without  turning  when  trail- 
ing, and  sa\e  time  ot  turning 
switclies 


Worked 
SWITCHES,  ETC.. 

The 

New    Century 
SWITCH 


STAND 

This  stand  has  been 
widely  adopted  on 
many  large  systems  and 
specially  for  yai  d 
tracks,  and  is  a  gieat 
favorite  everywhere. 


^d^ 


\\  c  luaki.  lu^ii)  othci  patterns  ot  Switch  Stands 
embodying  desirable  features. 


Pennsylvania  Standard  Guard 
Rail  Clamp 

Secures  guard  rail  immovably  on  main  track  rail,  applied  with- 
out drilling.  Flangeway  may  be  varied  for  various  gauges,  on 
curves  or  to  compensate  for  wear  of  guard  rail.  Not  disturbed 
when  renewing  ties  or  shimming. 


Quality  First 

A    generation    ago  we  made 
this  rule  in   building    .     .     . 

Hydraulic  Jacks 

To-day  we  maintain  the  same 
rule— with     the     result      that 

Watson-Stillman  Hydraulic  Jacks 

are  the  only  Jacks  with  rams  and  cyl- 
inders  made  from  solid  high  carbon 
steel  without  joints  or  welds. 
We  have  catalogs  of  Jacks,  Punches, 
Rail  Benders,  Valves,  etc.  We  shall 
be  glad  to  send  you  any  one. 

Watson=Stillman  Co. 


453  The  Rookery 
CHICAGO 


200=11  E,.  43d  Street 
NE,W    YORK 


LUFKIN 


TAPES 


ARE 


INDISPENSABLE 

FOR 
ACCURATE    WORK 

LUFKIN  RULE  CO. 

SAGINAW,  MICH. 
U.  S.  A. 


For  Sale  Everywhere 
Send  for  Catalogue 


THE  AMERICAN  TRACKBARROW 


Patented  in 
United  States,  Canada  and  Great  Britain 


"We  have  had  several  Trackbarrows  in 
use  in  tunnels  and  narrow  cuts,  and  have 
found  them  very  satisfactory.  The 
watchmen  have  been  able  to  keep  the 
ditches  clear  with  the  Trackbarrows, 
whereas  heretofore  it  has  been  neces- 
sary for  the  section  gang  to  periodically 
clean  out  the  ditches  with  push  cars. 
Men  soon  become  able  to  roll  these  bar- 
rows on  the  rail,  and  except  in  sticky 
mud  they  roll  on  the  gfound  about  as 
easy  as  the  common  barrows." — H.  C. 
Griswold,  Roadmaster  Louisville  &^ 
Nashville  R.  R.,La  Grange,  Ky. 


Address:  jHE  AMERICAN  TRACKBARROW 

83  Glidden  Building:,         -         -         LOWELL,  MASS.,  U.  S.  A. 

Send  for  Illustrated  Catalogue 


Standard  Automatic  Coal  Chutes 

FOR  COALING   LOCOMOTIVES 

ALSO 

The  Tangent  Under-Cut  Gates  for  Overhead 
Storage  Bin 

Above  the  pockets  into  which  the  coal  is  dumped,  thus 
obviating  all  shoveling  coal.  This  system  is  the  most  reason- 
able in  first  cost,  as  cheap  as  any  method  .of  handling  coal, 
and  by  far  the  quickest  and  most  convenient  method  of  put- 
ting coal   into   the  locomotive. 

For   further   particulars   write    for   descriptive    pamphlet. 

WILLIAMS,  WHITE  &  CO.,  Moline,  lU. 

A  great  many  thousand  of  our  standard  coal  chutes  are  in 
use  throughout  the  Western,  Southern  and  Middle  States,  as 
well  as  on  some  of  the  Eastern  ro'ads. 

See  also  L.  &  X.  and  So.  Pacific  Systems.     Write  for  printed  matter. 


The  Weber  Railway  Joint  Mfg.  Co. 

EMPIRE  BUILDING.  NEW  YORK 


BRANCH  OFFICES: 

BOSTON,  70  Zllby  St. 
CHICAGO,  Old  Colony  Bldg. 
ST.  LOUIS,  Missouri  Trust  Bldg. 
ST.  PAUL,  109  Endicott  Arcade. 
OMAHA,  I2I2  Famam  St. 
DENVER,  Equitable  Bldg-. 


STANDARD         T"     RAIL    JOINT. 


COMPLIMENTS   OF 


Verona  Tool  Works 

PITTSBURG.  PENNA. 


NOTICE — Members   of    the  American   Railway  Engineering    and   Mainte- 
nance OF  Way  Association  will  save  their  companies  money  by  adopting 

"as     STANDARD" 

^^Zelnicker'Ax  AND  Maul  Handles 

Made  by  hand,  of  second-growth  hickory,  selected  stock. 
One  of    these    handles    equal    to    six    of    the    ordinary. 

WALTER  A.  ZELNICKER  SUPPLY  COMPANY 

IN  ST.  LOUIS 

Railway,  Mill  and  Factory  Supplies 

BRANCHES: 
New  Orleans.  La.         Mobile,  Ala.        Houston,  Tex.        Seattle,  Wash.        Chicago,  111. 


ELLIOT 

FROG& 

SWITCH  CO. 

East  St.  Louis,  111. 


PROCEEDINGS 


American  Railway  Engineering 

and 

Maintenance  of  Way  Association 

First  Annual  Convention 
Second  Annual  Convention 
Third  Annual  Convention 
Fourth  Annual  Convention 


Contents ; 

COMMITTEE  REPORTS  and  DISCUSSIONS  on 

Roadway,    Ballast,    Ties,    Rail,    Track,    Buildings,    Masonry, 

Wooden  Bridges  and  Trestles,  Signaling  and   Interlocking, 

Records,     Reports    and    Accounts,     Signs,    Fences, 

Crossings    and    Cattle-Guards,    Uniform    Rules, 

Water  Service,  Yards  and  Terminals,  Iron 

and   Steel   Strudures. 

COMPLETE,  SET,  POSTPAID 

Paper,    $6.50;         Cloth,    $8.50;         Half=Morocco,    $10.00. 

Address 

AMERICAN   RAILWAY  ENGINEERING  AND  MAINTENANCE 
OF  WAY  ASSOCIATION 

1562   Monadnock  Chicago,   Illinois 


Kennicott  Water  Softener 

AT   SIDNEY,    NEB. 
One  of  36  Kennicott  Softeners  on  Union  Pacific  R.  R. 


Daily  Softening  Capacity  of  this  Plant  240.000  Gallons 


Kennicott  Water  Softener  Company 

RAILROAD    DEPARTMENT 

806  Great  Nortliern  Building  CHICAGO 


Pettibone,Mullil(en&Go. 

725  Marquette  Building,  CHICAGO 

MANUFACTURERS    OF 

IMPROVED 

TRACK    EQUIPMENT 


"Strom"  Clamp  Fro§:s 

"Channel,"  "Transit"  and  "Gau§:e" 

Split  Switches 

"Arrow,"  "Axel,"  "Banner,"  "Crown," 

"Globe,"  "Knob,"  "Mark,"  and  "Star" 

Switch  Stands 

"Samson"  Wrought  Head  Chairs 

Solid  End  Tie  Bars 

Improved  Spring:  Rail  Frogs 

Improved  Steel  Rail  Crossings 

"Vulcan"  Step  Joints 

"Alkins"  Forged  Steel  Rail  Braces 

"Jenne"  Track  Jacks 

"Roller"  Rail  Benders 

'Ball,"  "Union"  and  "Perfection"  Track  Drills 


First-class  Material  and  Workmansliip.    Prompt  Shipments. 


Pettibone,Mulliken&Go. 
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American  Railway 
Engineering  Association 

Proceedings  of  the 
convention 
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